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THE TELESCOPE MAKERS OF SPRINGFIELD, VERMONT. 


One Way of Absorbing Astronomy. 


By RUSSELL W. PORTER. 





Ina hill town of the Green Mountain State there exists a thriving 
community whose industry is the manufacture of certain machine 
tools well known throughout the world. By virtue of this industry 
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THe WovuLp-BE ASTRONOMERS. 
Of this original group, all but one (who had to leave Springfield) completed 
their mirrors. All but three have finished their mountings. The ages of the 
members range from nineteen to sixty-seven. 


there are a great many machinists trained to accurate and careful 
workmanship, interested in any instrument of precision containing 
complicated mechanical motions. 

When, three vears ago, the writer returned to this his home town 
to take up his residence after an absence of many years devoted to 
astronomical work in the north polar regions, he found a fertile field 
awaiting him, where the only incentive needed for the study of the 
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heavens, and becoming better acquainted with this universe of ours, 
was the possession by these men of powerful telescopes. For it: is 
true that astronomy, from a popular standpoint, is handicapped by the 
inability of the average workman to own an expensive astronomical 
telescope. It is also true that if an amateur starts out to build a 
telescope just for fun, he will find before his labors are over that he 
has become seriously interested in the wonderful mechanism of our 

















THE PATTERN MAKER, Oscar FULLAM, witH His WoopeN MountINe. 


The tube is of light clear pine, the cell of mahogany, the axles of oak, 
and the base of maple. Mr. Fullam has one of the best mirrors and his 
mounting works admirably. It was this instrument that was taken by 
two farmers at the town fair for either a churn or a new type of washing 
machine. 


universe. And finally there is undeniably the stimulus of being able to 
unlock the mysteries of the heavens by a tool fashioned with one’s own 
hands. 

Among this group of machinists there were several who had their 
own small machine shops, usually in the cellars of their homes, where 
they could work on their mountings. But the success of the Spring- 
field Telescope Makers lies to a great extent in having as the Presi- 


2 











2 








Russell W. Porte 1 


ui 
un 


dent of one of the large industrial plants an amateur astronomer in 
entire sympathy with the movement, James Hartness, who has already 
made his contribution to astronomy through the invention of the turret 
telescope, whereby an observer may now work at the eyepiece in per- 
fect comfort regardless of outside temperature conditions. 

An unused basement in one of the shops was given over for our 
use and here gathered fifteen embryo astronomers under the writer’s 

















FRANK WHITNEY AND His INSTRUMENT. 
With this reflector one evening this summer we saw Mars’ caps dis- 
tinctly and a trace of other markings, although the planet was near the 
horizon. Mr. Whitney’s mirror is a seven-inch one and he uses a half- 
inch ocular. His mount is a perfect piece of the mechanic’s art. 


guidance. The Newtonian reflector, of course, was the logical type 


selected, not only for its simple efficiency, but on account of its cheap- 
ness. The principles of the instrument were shown on a blackboard 
and the writer remembers experiencing quit 

response from the men when he told them that while they were ac- 
customed in the shops to working to limits of one-thousandth of an 


inch, they would now, in making their mirrors, have to set the limits 


a thrill in observing the 
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a thousand times smaller, viz., to one-millionth, by the remarkable but 
exceedingly simple device known as the knife-edge test. 

Kach one was allowed all possible latitude in exercising his mechani- 
cal ingenuity as we passed through the different operations 


some 
made their stands from barrels filled with 


sand or iron castings: 
some set up their laps on benches, and some made wooden pedestal 








Everett REDFIELD AND His S1x-INcH oN HAwk’s Mountain. 


The climb was too great to transport the metal base. Mr. Redfield 
is our oldest astronomer but his eyesight is as keen as ever. 


stands. One of the men was an expert pattern maker, so when any 
device in wood was required, we were always sure of obtaining it 
just right. 

The testing bench consisted of a long, smooth and straight plank 
fastened to a shop bench. At one end a large three-jawed lathe chuck 
held the mirror, while the knife and artificial star (acetelyne) could 
slide along the plank to any desired radius of curvature. This plank 


I still possess as a great treasure. (ver its entire surface are, to a 
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layman, undecipherable symbols and hieroglyphics, where the writer 
explained to each student, as he tested his mirror, the interpretation 
of the knife-edge shadows. 

Nearly every man got the “idea” and realized why he was to 
alter the stroke of his mirror on the lap to change the curve of its 
surface, in working towards the spherical or paraboloidal figures. 


There was one person, however, who was totally unable to see an\ 


of the knife-edge shadows. This person strange to say was a woman. 


our only female member, a stenographer from one of the offices. She 


could see nothing except what she described as a dark diagonal 














Pue Turret Rerract F ] es TARTNESS 
Hartness’ aid in our work was incalculabk This Coude refractor ha 
proved conclusively that an observer may work in comfort in an enclosed room 
without detriment to the defining power rt objective The mounting is 
massive and extremely rigid The gl 1 tel hB hear 
| li wane ; On | +] . : , 
shadow line passing diametrically across the muirrot | have nevet 


been able to understand or explain this freak of vision 
young lady got along all right in working 
duced a fair mirror, and I believe 
polished surface. Dy this | 


llowever, the 
by faith alone, and pro 
the only one with a_ perfectly 
' mean free from pits and scratches. | 
had prided myself on having in the class the only woman telescope 
maker since Caroline Tlerschel. She was much elated over the fact. 
but considerably downcast when on returning from a trip to the 
Israshear’s at Pittsburgh, | had to confess that | had met there a wom 
an who, Mr. McDowell informed me, had produced many mirrors for 
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telescopes during the war 
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It was interesting to observe the effect of temperament of the differ- 
ent men on the character of their work. Some, wishing to drive 
straight to the finish in the quickest time, would get into deep water 
at once by using too much pressure, too fast strokes, overheating their 
glass, over parabolizing and having to go back to fine grinding again. 
Others, usually the older men, worked slowly, carefully, following in- 
structions exactly, religiously protecting their mirror and abrasives, 
and arriving finally with glass surfaces of excellent figure. 

This part of the work covered two or three evenings a week for the 
early winter months, and all but one finished his mirror. They were 








THe EXHIBITION OF THE TELESCOPES AT THE FAIR. 


Note the tubeless telescope (second from the right), and the short focus six- 
inch (dumpy) near the center. 


all then given a blueprint of a standard equatorial mounting of the 
German counterbalanced type, but the principle of the equatorial 
mounting only was explained. It was shown that there were many 
different ways of making a telescope follow the stars and maintain an 
equatorial axis,—the English fork, the double yoke, the bent or 
Coude form, and the enclosed turret. Each mechanic thereafter went 
his own way capable of taking care of himself. The photographs here 
shown are typical. The resources of the shops were made available 
and certain machines could be used at certain hours. 

The pattern maker was advised to*make his mounting of wood and 
he did so, the only metal being the right ascension worm and wheel 
and the brass bands around the tube. 
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The mirrors ran from five to ten inches aperture and focal lengths 
about eight times the diameters. Totally reflecting prisms and eye- 
pieces of the very finest make available were purchased; so that the 
expense of the optical parts averaged about twenty dollars. The com- 
pleted instruments probably cost less than thirty dollars for each mem- 
ber. About two-thirds of the mountings are finished. As each man 
knew that the eyes of his fellow mechanics were upon him, he pro- 
duced the best that was in him, the result being mountings that com- 
pare favorably with those of professionals, both as to accuracy of the 
working parts and quality of finish. 
At the town fair the next fall the telescopes made an unique exhibit 
Here were displayed the glass in different stages of grinding, an auto- 
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A REMARKABLE GATHERING OF ENTHUSIASTS ON THE Top oF A MouNTAIN. 


Here throughout the night, although a strong wind was blowing, they un- 
locked one after another of the heavenly secrets and around the fire threshed out 
many a weighty problem in celestial mechanics 


matic machine was polishing a mirror, and out doors the townspeople 
were looking through the instruments, watching the horse racing, fol 
lowing the movements of the aeroplanes or viewing distant terrestrial 
objects. The pattern maker overheard two farmers examining his 
wooden mounting. “Looks like a churn to me” one of them said. 
“No” replied the. other “its one of those new kind of washing 
machines.” It is not improbable that this beginning is the forerunner 
of a new industry for Springfield 

However, the important outstanding fact is this: Interest did 
not stop with the completion of the telescopes. As we needed a more 
reliable value of the latitude and longitude of Springfield than was 
available from the existing maps, the telescope makers found an old 
station on Hawks Mountain, just outside the township, occupied years 
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ago in the government triangulation of New England. They camped 
on the mountain, built a substantial tower and signal over the station, 
dedicated a bronze tablet marking the spot, and assisted in carrying the 
triangulation with a theodolite to the village. This gives us the 
spherical coordinates of Springfield far more accurately than could 
be obtained by any of our instruments by observation. 

On another occasion they spent the night on the summit of Mt. 
Iephraim, the highest point in the township. This gathering | believe 


is unique in the annals of astronomy. There on a bald rocky pasture 
were some fifteen men and two reflecting telescopes in good equatorial 
adjustment. Throughout that summer night, from the appearance 


of the first star until dawn, these men were exploring the heavens. It 








Meat TIME AT THE HOME OF THE PATTERN MAKER. 


This photograph was taken at the critical time when the bean pot was being 
taken from the ground 


proved to be good seeing notwithstanding a stiff wind. The light from 
a roaring campfire revealed a circle of animated faces listening intently 
to some celestial fact just brought out at the eyepiece of one of the 
instruments. It might have been the mechanics of a binary system, or 
some physical aspect of a planet. For some reason the high school 
principal had asked permission to join us. It must have been a reve 
lation to him on discovering the mainspring that brought these work- 
men to the summit of a mountain where they spent the entire night 
arguing around a campfire. 

I slept scarcely a wink. On dozing off one would hear, “What's that 
fuzzy looking thing? See it? At the left edge of the field of view 7” 
or “I've got it, I've got it.” “Got what?" “Epsilon Lyrae.” “See 
“em, each one double.” 
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ur trips to various points have a large radius, as half the members 
One of these, to the home of the pattern maker, on a 


OWN Cars. 
more from 


beautiful farm in the Connecticut valley, is memorable, 
the social side (the astronomers’ wives were present) than the scien- 
tific. For on setting up the “Washing Machine” it was found that the 


atmosphere was in a turmoil, it being a very warm day. The high 











MouNTING DesIGNED BY Oscar MARSHALL. 


An UNUSUAI 


he double bearing of the polar 


Of the English fork form, it replaces 
circular ball bearing track on the under edge of the large 


axis by a 
below The instrument is here 


ring, leaving room for a clock drive 
shown with an erecting eyepiece 


were freedom of ‘the strawberry patch. 


points, as | remember them, 
of all—the baked 


the thick cream, the honey, and—most wonderful 


beans that had cooked all night in a hole in the ground. 
The winter gatherings are at the members’ homes. One evening it 
may be a discussion of driving clocks and mountings. Two evenings 


were devoted to illustrated talks on General \stronomy prepared by 
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the Yerkes Observatory. On one occasion a member exhibited a 
spectrometer of his own make and showed us how the refractive and 
dispersive characteristics of optical glass are measured. The interfer- 
ence of light took up another evening with its application to testing 
flat surfaces. The men were all familiar with the very flat metal 
surface plates used in the shops, as well as the gage blocks used as 
length standards. It was an eye opener when they found that light 
could be used to carry these measurements a thousand times farther 
than any mechanical device with which they were familiar. 

At our next meeting the method of measuring star diameters by 
light interference will be taken up and the actual fringes will be pro- 
duced and a real demonstation provided. 

This, then, is one way of teaching astronomy. I am convinced that 
these workmen, some of whom have only attended district schools, 
have a far better conception of the great mechanism of the solar 
system than graduates of our high school. They have, perhaps uncon- 
sciously, absorbed the fundamental facts of our system. They sense 
the direction of the axis of our earth and know where its north end 
at least pierces the celestial sphere. They had to in order to adjust 
their telescopes. They sense the celestial equator sweeping across the 
southern skies, and see upon it the dial of an immense clock whose 
hours come to the meridian in unfailing regularity. They know too 
where zero right ascension is to be found. 

Surely the making and putting into use of a powerful astronomical 
telescope goes far toward properly orienting one’s self in the great 
scheme of things. 


Springfield, Vermont, U.S. A. 





MAN. 


Man, chained to earth, surveys the firmament, 
And, freed by mind, unshackled visits Mars, 

Or swiftly soars from Neptune’s wide extent 
To constellations, set with sparkling stars. 


Imprisoned by a world, a world without, 
Man pondered o’er its problems from within, 
Until, released from ignorance and doubt, 
He knew that where Earth ends, there worlds begin. 


Amidst the cells that form our finite minds. 
He measures from the center of his Earth 

Abysmal depths, abyssal heights, and finds 
His Mind is free, despite its body’s birth. 


Man who has sprung from instincts of Earth’s sod, 
Shall break his chains, and closer worship God! 


; —CuHaArLes Nevers Homes. 
Newton, Mass, 41 Arlington St 
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VENUS AND 'THE MOON. 


By GILBERT P. CHASE. 

We may travel all around the world without seeing as much as we 
can out of our own cellar window. 

I doubt if the explorers were more delighted with the bouquets 
found in the tomb of Tutankhamen, as announced in this morning’s 
paper, than I was with the sight I beheld while engaged in the ordinary 
and commonplace duty of shoveling coal and ashes and handling wood 
around the furnace in my own house. 

I turned out at six o’clock or a little before, which, for me, is rather 
late than early. Being a cold morning, my first move was toward the 
furnace. Stopping according to schedule to note the temperature by 
the thermometer outside the pantry window, my eye fell on Venus 
and the moon closer together than I had ever before observed them 


in my life. I inwardly ejaculated, “Never so close!’ On many 
previous occasions I had observed the Queen of the Planets in close 
company with the gentle Goddess of the Night, but never so close. 
How can we express the rapture of that which is long looked for, and 
which comes upon us suddenly, accidentally, and unexpectedly, and 
with the full force of novelty | was not thinking about Venus o1 
the moon. I was noting temperatures, the controlling thought being 


that of getting the house comfortably heated in time for breakfast 


I was aware that Venus was in the eastern sky in the morning, and 
that the moon was waning, but I was not in the humor to intrude ona 
heavenly rendezvous this morning. Hence the element of surprise, 


as effective on the stage as on the battlefield 

here are some people possessed of the happy faculty of giving 
others the pleasant surprise, but I have never yet been associated with 
any human being endowed with this happy faculty to a greater degree 
than the planet Venus. Of her endless bewitching I have not time to 
speak. I must stick to my story. 

On former occasions when I have observed what might be roughly 
spoken of as a conjunction of the moon and Venus, the planet was 
some distance above or below the moon or else on the concave side 
of the crescent. This morning, at first sight, Venus was on the 
convex side of the crescent, a little above the middle, and with an 
interval between the planet and moon about equal to the greatest thick- 
ness of the crescent. It may not be as much so with women as with 
men, but it appears to me that we are all children with respect to any 
experience which is new to us, no matter what may be the age or the 
experience. My elation at coming upon Venus and the moon in the 
relative positions in which I found them this morning may be com- 
pared to the juvenile emotions aroused by the first Christmas stocking, 
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or to the joyful bewilderment of the half-starved urchin at the sight 
of the first real Thanksgiving dinner. 

The fire in the furnace was just about out. That was the way I 
wanted to find it. It was Saturday, the day for cleaning out and start- 
ing a fresh fire. Being somewhat late, and the mercury standing at 20 
outside, with a northwest wind, my practical duties could not be de- 
layed; for the data quoted stand for a decidedly cold day in the locality 
of observation. ‘The fire started, time was on my side. I took a good 
look out of the cellar window that is near the furnace, and gives an 
easterly outlook. Then [ fancied [ could distinguish a change in the 
relative positions of the two heavenly bodies. Venus appeared to be 
a little closer to the graceful curve and to have moved a little nearer 
to the upper tip of the crescent. I did some thinking not about coal 
and wood. I[ know the reader will appreciate the circumstance that a 
man who has to provide for the health and comfort of a family, with 
an occasional pleasure, cannot think continuously and exclusively in 
terms of Right Ascension and the relative apparent motions of the 
moon and planets. but on reflection the laws of Nature as made 
known to us by the Science of Astronomy were found to be ‘ accord 
with my observations. 


Unbounded was my joy at the thought of seeing the moon run over 


but 
perceptibly the planet drew up alongside the edge of the moon. The 
two bodies merged into one. 


Venus, and without doing injury to life or property. Slowly 


lam not proclaiming a miraculous per 
formance. [am only aiming to convey the novel sensations of a first 
experience. This occultation of the planet Venus was for 


occurrence that aroused the keenest interest. Gradually the 


me an 
planet was 
tucked away until only two spangles stuck out from the edge of the 
tapering crescent like the horns of a snail. Finally no part of \ 
was visible at all. 


,enus 


The features of this occultation which enthralled me was that Venus 
not only went under the moon, but also and at the same time moved 
up to the very tip of the crescent. It took some thirty or forty minutes 
for the planet to move from the first position mentioned to the position 
of complete occultation under the tip of the crescent. | watched in- 
tently for the planet to emerge from the sharp point of the crescent, 
but by this time the jewels of the night had become too much dimmed 
by the increasing daylight, Jupiter being but a faint pale speck in the 
blue sky. The atmospheric conditions not being especially favorable, I 
gave up the search for Venus and went about what I had to do. After 
the sun was up, about half past seven, while casually looking out of 
my window, my eye was cast toward the moon; and there, right off the 
point of the crescent, and about half the apparent diameter of the moon 
away, was Venus, little pearl. 

I have related my experience as it came to me and in the hope that 
it may appeal to some early riser like myself who finds occasionally 
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in the dim hgeht of the early morning ( Y that of shove 
ing coal and ashes and throwing wood into the furnace and gt G 


smoke in the eves. 


13 January, 1923. Boonton. N. | 
PARTIAL ECLIPSE OF THE MOON 
1923, MARCH 2. 
By WILLIAM F. RIGGE. 
()n next March 2 there will 


all over the United States. On th d 


represents a cross section of the earth’s penumbra, and 
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PARTIAL EcLipse OF THE Mov I‘ H 2 

( ral Standard Time 
\—Moon enters Penumbra 7:13 P.M 
b—Moon enters Shadow 8:28 P.M 
D—Middle of Eclipse 9:32 P.M. 
G \loon leaves Shadow 10:36 P.M 
H—Moon leaves Penumbra 11:51 pM 


size the umbra or shadow, while the five small ones show the moon 
at important moments. When its center is at A, at 7:13 Pp. M., Central 


Time, the moon enters Penumbra. When it is at B, at 8:28, the moon 
enters Shadow. 


\t D, at 9:32, the moon has penetrated farthest into 
the shadow and we have the Middle of the Eclipse, 38 per cent of its 
diameter being obscured. At G, at 10:36, the 


noon leaves Shadow, 
and at H, at 11:51, the moon leaves Penumbra 
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CLIMATIC CHANGES. 
By REV. W. E. GLANVILLE, Ph. D. 


It is the glory of France that she has produced such a trio of 
masterly mathematical astronomers as Laplace, Lagrange, and Le 
Verrier, who in the investigation of planetary perturbations are un- 
rivalled. These perturbations produce variations of orbital eccentrici- 
ties. As the result of Lagrange’s work the so-called Magna Charta 
of the solar system was evolved, which demonstrates that the stability 
of the solar system is assured, and “that the planets will neither recede 
indefinitely from the sun nor fall into it, but continue so far as their 
mutual perturbations are concerned to revolve forever in orbits of 
very nearly the same dimensions as at present.” The formula 


=m X Va X ec? = constant 


stands as the monument of Lagrange’s researches. Continuing La- 
grange’s work, Le Verrier obtained the maximum and minimum limits 
of the variations of orbital eccentricities, assigning for the earth a 
range between 0.0777 and 0.0033. Le Verrier also drew up a table 
of eccentricity variations of the earth’s orbit from one hundred thou- 
sand years preceding A. D. 1800 to one hundred thousand years after 
that date at intervals of ten thousand years. In 1840 this table was 
published. In 1866 Mr. James Croll, of England, published a similar 
table* for one million years before and after the same epoch at inter- 
vals of fifty thousand years. 

The study of perturbations includes not only the variation of 
eccentricity, but also the retrograde precession of the equinoxes and the 
direct motion of the apsides,—for the earth 50”.25 and 11”.25 respec- 
tively per annum. 

The subject of climatic changes, particularly with reference to glacial 
eras, has been the cause of lively discussion for seventy-five years 
past. Various causes have been suggested but only two seem to merit 
serious consideration, viz., the variation of eccentricity and the con- 
figuration of land and water. In fact it would seem as if the earth had 
now almost reached the stage of stable equilibrium so far as the 
distribution of land and water is concerned and hence the eccentricity 
variation would remain as the chief cause of climatic changes. 

Geologists estimate that the last glacial era began about two hundred 
and twenty thousand years ago; that about one hundred and fifty 
thousand years ago a mild interglacial climate intervened, followed by 
a return of glacial conditions which began to break up about eighty 
thousand years ago. Diagrams I, II, and III exhibit the relationship 


*Croll, Climate and Time, p. 314. 
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between the apsides and the equinoxes for these three terms together 
with the eccentricity estimates corresponding thereto. 

lv high, aphelion came 
about two months after the winter solstice and from the fall to the 
spring equinox was seventeen days longer th 
the fall; also the difference of distance f l 


trom the sun as between peri- 


In diagram I the eccentricity was relativel 
> ° 


an from the spring to 


helion and aphelion was seven million two hundred thousand miles. 
Thus the conditions were favorable fo1 


extensive and accumulating 
elaciation. 
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DIAGRAM [.* DIAGRAM II. 
Configuration 220,000 year ( 150,000 years ago 
Eccentricity 0.04 entricitv 0.033 
In diagram II perihelion came about two months before the wintet 
solstice, the summer lon 


season was iger by fourteen days than th 
winter, and the difference of distance as between perihelion and 
aphelion was five million nine hundred thousand miles, according to 
the smaller eccentricity. This configurat doubtless favorabl 


to an interglacial milder climate 
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DiAGRAM III. Di im IV. 
Configuration 80,000 years ag ( ration 10,000 years hence 
Eccentricity 0.039 ntricity 0.0155 
In diagram III the eccentricity was slightly greater than in diagram 

II and the difference of distance as between perihelion and aphelion 
was about six million nine hundred thou 1 


nd miles, but perihelion 
came between winter and spring, tl 
distance, and the aphelion a fortnight fall equinox ; condi- 
tions favorable to the breaking up of the g! 


glacial period 


le summer solstice at a mean 
1 


*In the diagrams P denotes perih 
WS winter solstice, 1 


( solstice, 
ind ‘Y? the first of Ari 
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Since eighty thousand years ago the eccentricity has been gradually 
decreasing and will continue to decrease until the minimum is reached 
twenty-four thousand vears hence. 

Diagram IV indicates the configuration for ten thousand 


years 
hence, when the difference of 


distance as between perihelion and 
aphelion will be about nine hundred thousand miles less than it is 
today, thus offsetting to some extent the fact that then the aphelion 
will come a month before the winter solstice, while the difference in 
time between the fall and spring equinoxes will be about one and a half 
days less than at present. IHlence the world’s climate will be a little 
more genial than we know it. .\nd when the minimum is reached 
twenty-four thousand vears hence (Diagram \) the difference be- 
tween perihelion and aphelion distances will be only five hundred and 
twenty-eight thousand miles as compared with three million miles to- 
day, so that the orbit will be more nearly circular and the seasons the 
world over much more evenly equable than at 
any former phases of eccentricity variation; also 
the difference in time as between the equinoxes 
will be less than two days. 

Remembering that the word “climate” means 
“inclination,” the fact that at present the obliquity 
of the ecliptic is also decreasing constitutes an 
additional agent in favor of an approaching mild- 








Diaceam V. er world climate. The range of variation for the 

Configuration obliquity is from 25°, the maximum value, to 
24,000 years hence. = 22'4°, the minimum value. At present the ob- 
Eccentricity 0.003 


liquity is 23! 

The earth’s surface temperature being preponderatingly dependent 
on the amount of solar radiation received, it is interesting to suppose 
that for the next twenty-four thousand vears the world climate will 
become generally more and more salubrious; that the polar ice caps 
will recede to the immediate neighborhood of the poles; until countries 
like Canada will gradually experience a climate comparable with that 
of North Carolina today, and Greenland will be no longer glaciated. 

No new glacial era is in sight. The world is moving towards the 
great spring and summer season of the ages, when plant and animal 
life will be more abundant, when physical forces dormant, or partly 


so, during the more extreme phases of eccentricity variation will be 
unlocked and when the I[luman Era of the world’s history will reach 
its culmination. 

Baltimore, Maryland. 
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VARIABLE STARS. 
An Appeal to the Amateur. 


By W. F. H. WATERFIELD. 

The ordinary amateur usually commences his astronomical career by 
turning his telescope in a haphazard manner on a few well known 
objects of spectacular interest, such as the moon, Jupiter or Saturn, 
or an occasional bright cluster or double star. The choice of such 
objects being limited, he soon purchases, if he does not possess one 
already, some standard work by means of which he may extend his 
knowledge. 

In such a book he reads of the observations of the world’s gvreatest 
astronomers, and, ambition stirring within him, naturally endeavors 
to see as much with his telescope as others have done before him 

This is undoubtedly an excellent training for the eve, and Neison, 
in his small book on astronomy, recommends such 


ich a course for a year 
or so. but unfortunately in the majority of cases it leads no further. 
and most possessors of telescopes are content with trving to divide a 
close double star, or to see a faint companion with smaller instrumental 
power than anyone previous; and here their astronomical studies cease 
It is the object of this paper to show that the study of variable st 
may permit the amateur to continue to test his telescope, and eve, and 
at the same time offer a direct contribution to science. 

The same thing applies, of course, to other branches of astronomy, 
such as the study of the planets or double star measurements: but in 
the former case observation cannot be continued all the vear, and if 
one is not an artist a preliminary training in draftsmanship is necessary, 

1 


also an equatorial mounting is practica sine gua non, and in the 


latter case no work of any value can be done without a clock-driven 


equatorial and an expensive position micrometet 

For variable stars, on the other hand, no preliminary training 1s 
necessary ; one gradually and naturally acquires it; th 
one’s early observations will not have quite the same value as the 
will after a year or so, and the work can be done easily with a1 
dinary alt-azimuth mounting, though not quite so speedily as with an 
equatorial provided with circles 


One of our most perplexing variables, SS Cvgni, is a fine test for 
a 4-inch telescope. Pogson’s formula for the smallest star visible in 
an\ telescope is M1 9 + 5 log a, or for a 4-inch., 9+-5 .6=12.0, 
and SS Cygni is about this magnitude at minimum. If our amateur 


desires to strain his eves, he can endeavor to see SS Cveni's three faint 
comites, though this is of no scientific value 
For larger instruments R Andromedae is a fine test Phis 


well below 14.0 at minimum and will trv a 12-inch to the utmost. The 


Star 1s 
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two faintest comparison stars of this variable are given as 13.9 and 
14.1 and are always easy to the author on any moonless night with a 
12'4-inch reflector and power 231. On Aug. 16, 1922, the variable 
was also seen and estimated 14.5. 

However, even if our amateur cannot follow a variable down to its 
minimum, he can still test his eyesight and telescope on the comparison 
stars, and if he reports the faintest he can see clearly, it is still a use- 
ful scientific observation; provided of course that the star is not too 
far below the observer’s powers. There is little object in reporting 
R Andromedae when at or near minimum, using a 3-inch, as <11.5. 
The star may be anything down to 15™ and there is too much latitude 
for uncertainty. 

S Cassiopeiae is another good test field and has the advantage of 
being a circumpolar star in our latitudes and so always above the 
horizon. The comparison stars range down to 14.3 and the variable 
sinks to somewhere around 15.0. 

So it is the study of variable stars that offers the amateur the finest 
prospect of continuing his telescope and eye testing, and at the same 
time of making a direct contribution to science. Then instead of his 
notebook containing a miscellany of records like the following: 


os 


Faint pair between the 2 stars of B Capricorni just 
caught with power 300” 


We shall find something like this: 
“074922 U Geminorum, J. D. 3006.9. = 141. held steady. power 250” 


One is about as difficult as the other, but one is only of passing interest 
to the observer himself, and the other is a scientific observation. 

Another great advantage of variable star work is that it can be 
carried out on any starry night. Double star observation, and the 
recording of planetary detail require a calm steady atmosphere, which 
is the exception rather than the rule in our northern hemisphere. To 
the variable star observer, on the other hand, perfect definition is by 
no means vital. While it cannot be denied that a good night will show 
fainter stars than a bad one, yet the difference is slight, and there 
is no need whatever to wait for atmospheric conditions suitable to 
planetary or double star work. 

Bright stars can be taken when the moon is up, or a very slight 
haze is over the sky, and the faint stars on any other night. Few 
nights need thus be wasted, as the author can vouch for, having ob- 
served on 140 nights between Jan. 1 and Oct. 18, 1922, and some dozen 
or more possible nights were missed through absence and other causes. 

Further interest will undoubtedly be acquired in the work if the 
amateur will plot his own observation on squared paper, using time 
for the abscissae and magnitudes for ordinates. It is not recommend- 
ed that this be done after every observation, as that might bias the 
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next one, with knowledge of the star’s previous magnitude, and in- 
crease or decrease ; but do it say, every three or six months. A smooth 
curve should then be drawn through these plotted points and it is most 
fascinating to watch this curve grow. 

A short-period star like Z Aurigae will prove most interesting, or 
any of the SS Cygni type. The sudden jumps these stars make on 
their rise will be well shown on the curve. On April 23 at 16" 40™ 
G. M. T. the author observed U Geminorum to be 13.8. Next day at 
19* 05™ it was 9.7, an increase of 4.1 magnitudes in 26% hours. This 
phenomenal leap would show on the curve as a straight line nearly 
parallel to the y axis. 

After the curve has been drawn through two or three maxima and 
minima, the amateur will be in a position to predict from his own 
observations and compare them with added interest with the results 
and predictions sent out yearly from Harvard College Observatory. 

The writer therefore urges the amateur who, like himself, has for 
some years used his telescope for no purpose but his own gratifica- 
tion, to give up this pursuit, fascinating though it be, and turn his 
attention to variable stars. He should become a member of the Amer- 
ican Association of Variable Star Observers which has headquarters at 
Harvard, or the variable star section of the British Astronomical Asso- 
ciation. The latter has a small but carefully selected list of stars, while 
the former undertakes the continued observation of some 300 variables 
and yet this immense work is carried out by 60 or 70 active observers 
only. 


Truly the harvest is great, but the labourers are few. 


ORION. 


I watched Orion risit 
Within a cloudles 
When air was chill and stills 
And snow lay far and 1 


First, Betelgeuse had 1 

And, then, the Belt Stars cam: 
And, finally bright Rigel 

Blazed like a gem afl 


f 


I saw Orion hanging 


Upon sky’s southert 
Like star-bespangled figure 
Of huntsman huge and tall 


And, softly, I repeated 

God’s words from Holy Lands 
“Canst thou. then, bind the Pleiads 
Or loose Orion’s bands: 


CHARLES Nevers HoitMeEs. 
Newton, Mass, 41 Arlington St 
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REPORT OF THE AMERICAN METEOR SOCIETY FOR 1922 


By CHARLES P. OLIVIER. 


During the past year the work of the Society has progressed favor- 
ably, though many more observers are badly needed. However, as will 
be seen, a considerable amount of observing was done, and several 
articles of importance have appeared or are in press by certain mem- 
bers on different phases of meteoric astronomy. In Table I appear 
the visual observations; in Table I] appear the records of telescopic 
meteors received since our last report. Most of these latter have been 
kindly communicated by members of the American Association of 
Variable Star Observers. Occasion is here taken to give grateful 
acknowledgement to the Association itself. as well as to each con- 
tributing member, for these most valuable data on telescopic meteors. 
With the material already on hand it should not be a great while 
before enough is collected to make an analyzed report upon this inter- 
esting subject desirable. 


TABLE T. 
Observer Station Nights Meteors 

7 “4 r Rockfish Gap. Va. 1 fi 
Ball, N. P. Colton, Calif. 11 236 
x Blincoe, J. W. University, Va. 1 65 
Christie. W. MM. Victoria, B. C. 21 315 
Culp, H. W. Chestertown, Md. la 19 
Dole, R. M Lansing, Mich 40b 743 
Hempel, K. MM Elkador, lowa R 8 
Mead, P. C. Des Moines. lowa 3 4] 
Olivier, C. P. University. Va. 7 247 
Peters, J. L. East Holliston, Mass. 1 33 
xRussell, H.N. Nauplia, Greece 1 65 
Tomkins, |. kK N. Glenside. Pa. 1 7 
Mise. 24 
Total 91 1874 


x Not members of the A. M.S. but kindly sent in these observations. 
a Observed in 1920. 
b Observed on 9 of the 40 nights with no meteors seen. 


Two different months of the vear furnished observational material 
of great importance. First, three great fireballs or meteorites fell 
during May on the 11th, 28th and 30th, respectively. They were all seen 
from the University of Virginia and observations of them were secured 
by various persons. Circular letters were sent out by the writer and 
replies received from perhaps one hundred evewitnesses. As a result 
of this campaign the orbit and point of burst of the one of May 11 
was calculated in a highly satisfactory manner. For the other two 
the evidence while extensive is so contradictory that thus far no final 
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conclusions have been reached furthe r t 
certainty that both fell i 


lan to ascertain with fair 
the Alleghany Mountains across the West 
Virginia border. As all of these three bodies rivaled the full moon 
in apparent brightness to those near their paths, it seems that the 


t 


appearance of the three within only nineteen days, all seen from one 
place, is a fact almost unprecedented. Calculations prove that no two 
of them had a common origin. .\ complete article on that of May 11 
has been prepared and is merely awaiting publication on the result of 
another search for the fragments which will shortly be made. This 
meteorite burst near Amelia Court House, Va lhe popular interest 
excited Dy these meteorites was ve 


great, and the writer is under 
obligation to many Virginia daily papers, as well as numerous in- 
dividuals, for assistance in securing the data. In due time these will 
all be published and proper acknowledgement be given by name to 
those who contributed. 


TABLI 

Teles 

Observe Stator \leteor 
\lden, H. L. Net Obs.. Vz 19 
Bouton, F.C. H St. Pete o. Fla 7 
Campbell. L. Harvard College Obs.. \lass 1 
Christie. W. MM Victoria, B. C y) 
Dawson, B. H La Plata Ob \rgenti 11 
McAteer, C. \ Pitts gh. Pa 10 
Mitchell. S. A. \IicCormick Obs.. Va 2? 
Olcott, W. 7 Norwich. Conn 1 
Olivier, C. P \ieCormick Obs.. V: Q 
Peltier. L. ( Delphos. Ol 111 
Skaggs. J. H Oakland. ¢ 7 
Young, Anne S Mt. Holvoke Col. Obs.. Ma ’ 
Waterfield, W. I’. H Nakusp. B. ( 5 
Total 191 


The month of October, due to exceptionally transparent skies with 
the moon absent, gave the finest opportunity to observe the Orionids 
that has come for the past twenty vears. Advantage of these circum- 
stances was taken bv R. M. Dole of Lansing, Mich., and C. P. Olivier 
at University, Va.. the latter assisted bv his colleague Dr. H. 1. Alden 
and also by \Ir. ] W. Blincoe and Mi \ | Weed Mr Dole ob- 
tained what the writer has no hesitation in pronouncing, as he has 
had the opportunity of examining the original records, the most ex- 
tensive series of observations in anv one October ever obtained on the 
Orionids. An important article, briefly summarizing Mr. Dole’s re 
sults and illustrated by a part of the maps used, appeared in PorpuLar 
\stronomy for January, 1923. His proof of motion of the Orionid 
radiant is complete and convincing. The full results of the McCormick 
observers have not vet been worked out, as they include several real 
heights, but a preliminary report showing the shifting radiant point 


has been communicated to The Observatory and should shortly appear 
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in that journal. Thus by two independent series of observations, made 
by men who have each observed meteors for over twenty years, the 
“stationary radiant” of the Orionids is again disproved. What it is 
hoped will be the death blow to this “stationary radiant” theory was, 
however, given at Harvard College Observatory, where Professor F. 
S. King on 1922 Oct. 20 secured an excellent photographic radiant 
point from three meteors.* This position at a= 94° 6’, 8== 15° 47’, 
lies between the two “stationary radiants” given for this epoch and 
area of the sky by Mr. W. F. Denning, the chief advocate and origina- 
tor of this theory. King’s position fits neither of Denning’s but comes 
within about a degree of the radiants found by Dole and Olivier for 
that same night. The writer believes that these new data, coming from 
three wholly independent sources, will convince all open-minded per- 
sons of the fact that the Orionid radiant does move and in the direc- 
tion theory would indicate. 

Mr. Dole also had an article upon the July and August meteors in 
PopruLar Astronomy, 1922, pp. 558-62. Maps and tables of his re- 
sults are given and he shows that the return was far less rich than in 
1921. The radiants may be deduced from the maps. Mr. R. O. Suter 
published in PopuLar Astronomy, 1922, pp. 88-90, an article entitled 
“A Few Facts for the Meteor Observer.” In this he pointed out forci- 
bly the importance of this branch of work. “The Lyrid Meteor 
Shower,” in Poputar Astronomy, 1922, pp. 356-7, by P. C. Daniels 
and P. C. Mead, gave a map and other details on these meteors. From 
the map the radiants may be deduced. These observations, along with 
some reported by R. M. Dole but not yet published, are particularly 
interesting as showing the activity of the Lyrid stream because a 
strong maximum of the Lyrids was observed on 1922 April 21 at 
10 p.m. at Nauplia, Greece, by Professor and Mrs. H. N. Russell of 
Princeton. Prof. Russell reported 63 meteors within about 50 minutes, 
with a sudden drop shortly after the hour mentioned. Most of the 
meteors were fairly bright, the more brilliant leaving trains. More 
details are reserved for a fuller future report. 

A theoretical article on the “Epsilon Arietids,” by C. P. Olivier, is 
to appear in Monthly Notices, R. A. S., for December, 1922. This 
article shows the theoretical improbability of a stationary radiant of 
long duration near the star Epsilon Arietis. This was another case 
of stationary radiation given by Mr. Denning and other English ob- 
servers working under his direction. Director Frank Schlesinger of 
the Yale University Observatory, with the consent of Dr. W. L. 
Elkin former Director, has turned over to the writer all the data of 
the Yale photographic meteor work. Final calculations and prepara- 
tions for publication have been nearly completed and it is hoped it will 
be ready for press by the summer. The results should prove of ex- 


*See H. C. O. Bulletin No. 778. 
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ceptional interest to all meteor observers. It seems proper that the 
paper entitled “Theories on the Nature of Meteor Trains,” PoPpuLAR 
AstTRoNOMY, 1922, pp. 524-35, should be mentioned. This paper is by 
Miss Mabel Weil, who unfortunately is not a member of the A. M. S. 
Ilowever its importance is so great that the writer feels justified in 
calling attention to it here, as its subject is of such fundamental in- 
terest. Its careful study is suggested. 

\t the McCormick Observatory some further experiments have 
been made in photographing meteors. Mr. Dole and Mr. John Koep 
have also been experimenting along these lines. 

A final acknowledgement must be made to several individual astron- 
omers and particularly to the Chief of the U. S. Weather Bureau, who 
have sent in reports of brilliant meteors or meteorites, thus helping 
to make cur files more complete. In particular the reports from the 
Weather Bureau, which include clippings and letters from all parts 
of the country, make it possible to follow up promptly reports that 
seem worthy of fuller investigation. The writer hopes that 1923 will 
see a number of new and enthusiastic observers join the A. M. S. 
and a revival of activity on the part of some of the older ones. He 
also requests that any new members of the A. A. V. S. O., willing to 
aid in the observation of telescopic meteors, will please communicate 
at once with him for details of the very simple but important data 
desired. As stated in previous reports all requests for information 
on the part of persons who may be interested in meteoric astronomy, 
relative to joining in the work of the A. M. S., will be most gladly 
received and prompt attention given their letters. 

Leander McCormick Observatory, University, Va. 

1923 January 25. 


ERRORS OF LATITUDE. 


By R.H. TUCKER. 

There has been considerable misconception in interpreting the varia- 
tion of latitude, and there has been also some misunderstanding of the 
precision of measures of latitude by astronomical observations 

A common assumption appears to be that observing stations change 
in position on the surface of the earth, when their latitudes vary. 
Since our geographical latitudes have been generally determined by 
astronomical observations, this misconception is easy to trace. And 
descriptions of a traveling pole confirm the impression that our observ- 
ing stations would travel also. 

It is the position of the vertical line at the station which varies with 
respect to the stars, when the latitude goes through its periodic varia- 
tion. 
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We are accustomed to describe this phenomenon as due to the 
revolution of the pole of the axis of rotation of the earth about the 
pole of the axis of figure of the earth. This last named point is the 
North Pole, the objective of several generations of Arctic explorers. 
Its position would be fixed by astronomical observations, made either 
at the pole or close to it. It will be found just where Peary left it, 
when the next party reaches that neighborhood, for it has not travelled 
about, as far as we know, on the surface of the polar ice. 

But when we refer its position to the stars, the effect of the variation 
of latitude is to make it appear to revolve about the pole of the 
celestial sphere, for we define that pole by its position with respect to 
the axis of rotation of the earth, just as we define the equator by its 
position with respect to the same axis. The position of the equator 
changes, as latitudes vary, but a point on the equator at one epoch 
does not move from its place on the surface of the earth, at any time. 

If we should change the position of our observing station by as 
much as ten feet north or south, later astronomical observations would 
undoubtedly establish the fact of a change. But a difference between 
the results of two successive determinations of latitude does not neces- 
sarily indicate any change in the position of the station. The differ- 
ence may be due to variation of latitude, and to the errors of observa- 
tion, including the errors of our star declinations. The “instantaneous” 
value of the latitude, ¢, is that given by our observations, and is 
measured from the position of the equator at the corresponding date. 
The “normal” latitude, ,, is the value after correcting for the varia 
tion, and is measured from the mean position of the equator, which is 
exactly 90° from the north pole of the earth. 

The axis of rotation of the earth, which would coincide with the axis 
of figure if there were no latitude variation, has been pulled about by 
the gravitational effects of the sun, moon and planets, and these devi- 
ations we account for under the terms of precession and nutation. 
The instantaneous position of the axis of rotation is found by cor- 
recting for these major influences outside the earth. The latitude 
variation is the result of forces peculiar to the earth itself ; the melting 
of the polar snow and ice and the subsequent flow of the water away 
from the pole, and the shifting of the axis from the momentum of a 
rapidly rotating elastic sphere. 

The first cause is presumed to account for an annual term in latitude 
variation, and the second cause accounts for the term with a period 
of about fourteen months. The two are combined in the correction 
od d,. 

With observed latitudes during a relatively short interval—two or 
three years—it is not easy to trace the effects of these two terms separ- 
ately. They obscure each other, and this is largely responsible for the 
fact that the real momentum period was only discovered about thirty 
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years ago, though some such period had been long suspected, and re 


peatedly searched for. 


When a continuous record can be made of observed latitudes. evenly 
distributed over a long interval. the momentu period becomes dis 
tinct, and a close approximation to its length can be made inde 


pendently of the effect of the annual term 

Once we have an approximate momentum period, any interval of 
time which is commensurate with both periods will give a mean 
value of the latitude from which the effects of both terms eliminate 
\n interval of six consecutive years gives a fairly close approximation, 
and a full interval of 25 years gives one which is quite precise. With 
the mean or normal latitude, obtained in this wav, the residual differ 
ences can be discussed for the periodic variations. 

The fact that there were few long consecutive sets of latitude results. 
at any single station, made the original search for the momentum 
period difficult and inaccurate. Even at this date, with great numbers 
of latitude results from the International zenith telescope stations 
available, this period is still the factor that is most difficult to establish 
with close precision. Mur best result is close to 1.19 vears, or 435 
days, with a probable error of half a day 

During each such interval the pole of rotation describes a curved 
figure about the north pole. which generally closely resembles an 
ellipse, but which does not return to its starting point Successive 
intervals give then a spiral figure, when traced on the surface of the 
earth. By our most recent computations, there may be as much as 
0”.24 between the two poles, (approximatel twenty-four feet), and 
they may be as close as 0”.08, but will never coincide. When one pole 
is north of the other, reckoning our meridian line in such an instance 
from some established point on the earth, like Greenwich, the variation 
of longitude there will be zero. When one pole is east of the other. 
the variation of latitude at the station will be zero. When @ ,, 1S 
zero at one station, it will have a maximum value, for that rotation 
period, at a station 90° distant in longitud 

It is this difference in the phase of # , that enables us to compute 
the effect, by combining the results at two stations suitably situated 
on the earth. Recent proposals to have each station determine its own 
variation of latitude evidently have overlooked this feature of the 
problem. It is nearly impossible to separate the latitude variation at 
any one station from the periodic term in the adopted declinations of 
the stars. This term would obscure the annual latitude term, and 
would also mask the effect of the fourteen month term very largely 
Changes of latitude, meaning by this expression a shifting of position 
as distinguished from variation of latitude as we have defined it, might 
be studied from such results. But even if the same list of stars is 
observed each year, errevs in the adopted proper motions of the stars 


might produce a fictitious change. This, in fact. appears to be our best 
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explanation for a progressive change in the computed yearly values of 
the latitudes of the International zenith telescope stations. The mean 
rate of change is about -+-0”.005 per year, and a difference as large as 
that can be found between the mean proper motions of lists of stars, 
in our best determined declination systems. The above result applies 
for the mean of all the stations, while individual sets during the past 
twenty years show deviations from the mean rate, such as would be 
anticipated from the natural and inevitable errors of observation. 

The confusion in definitions, as well as the development of the 
momentum period are well illustrated in an early and very important 
contribution to the mathematical and physical aspects of this phenome- 
non, to which my attention has been called. In the Report of the British 
Association for the Advancement of Science, for the year 1876, the 
subject of latitude variation formed a large part of the presidential 
address, by Sir William Thomson (Lord Kelvin). The address is 
given in full on pages 1 to 12 of the abstracts of the communications 
to the sections. On page 10 it is stated that the problem is to account 
for “irregular deviations of the earth’s instantaneous axis from the 
axis of maximum inertia, or, as I ought rather to say, of the axis of 
maximum inertia from the instantaneous axis.” The distinguished 
author knew exactly what he had in mind to describe, yet the reader 
must be in some doubt as to which axis deviates from a normal posi- 
tion, and whether both may properly be described as subject to devia- 
tions. A speaker, on his feet for an impromptu address, may use one 
form, and then correct the expression by substituting the reverse form, 
but it leads to confusion when the two forms and their reversal are 
given in a carefully prepared and published statement, in explanation 
of the same phenomenon. Nothing essential to the interpretation of 
the quotation has been omitted here. 

Perhaps our understanding of the statement can be clarified by 
adopting the deviation of the instantaneous axis from the other axis, 
when we consider the earth alone; and by adopting the deviation of 
the axis of maximum inertia from the other axis, when we consider 
the phenomenon as it applies to the stars, from the observations of 
which our corrections are to be derived. 

In collaboration with astronomers, among them Newcomb, whom 
he had recently visited in this country, Kelvin had been endeavoring 
to find confirmation for a period of 306 days in the variations of 
latitude, which should prevail if the earth was a rigid sphere. The 
real development of a solution came later, when Chandler abandoned 
the search for confirmation of any assumed period, and computed in- 
dependently a period from all the available material of a hundred 
years. The period of 429 days, thus developed, would prevail if the 
earth has the elasticity of a globe of steel, in place of being perfectly 
rigid, and this physical constitution of our globe has since been uni- 
versally accepted. 
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It is highly instructive to those of this generation, to find such an 
authority in Physics treating the probable error of an observed mean 
result quite in accordance with sound astronomical computing stand- 
ards. In discussing the results of observations with the prime vertical 
instrument at Washington, in the years 1862 to 1867, he states that 
“the excess of the coefficient over its probable error is so slight that 
this result cannot be accepted as anything more than a consequence of 
the unavoidable errors of observation” (page 10). 

The results were not really anomalous, as we now know,—a radius 
of rotation of five feet,—but the computed probable errors of the + 
and y coordinates were as large as the mean of the two codrdinates 
in other words it is an even chance whether the mean values are ficti- 
tious or true. Though approximately near the real values, for the 
true period, the actual evidence was not then conclusive enough to 
make them accepted. 

It is good practice to reverse the policy of race track experts, in 
accepting the evidence of numerical results for which the probable 
errors are known. The “talent,” which includes the men who follow 
the races and know most about the game, and who are trying to make 
a living from their acquired knowledge, generally place their bets on 
the favorite, often at even money in the betting odds. The “piker,” 
however, bets on a horse at long odds, ten to twenty against, often. 
Personally I have been ever a piker, but that was due perhaps to a 
psychological reflex, rather than to any dependence upon the laws of 
probability, and the criterion of errors. There was not a sufficient thrill 
in the chance to merely double an investment, while there was a real 
reaction at odds of ten to one. If the horse did not win, there was the 
consolation that he was not expected to win at the prevailing odds. 

If an observed value is of the same size as its probable error, it is 
an even chance whether it is real, and whether we should accept it 
If the value is double the size of its probable error, the odds are six 
to one in its favor. If it is three times its probable error, the odds 
are about twenty-five to one,—true piker’s odds. Four times the pro- 
bable error implies odds of one hundred and fifty to one, and at five 
times the probable error the odds approach one thousand. 

This is at bottom the criterion of errors, and can be used in testing 
the validity of observed quantities, and as a limit for rejecting such 
values as do not fall properly in the class of accidental errors. 

A common instance is the computed parallax of a star. The result 
ing parallax is often no larger than its computed probable error, and 
we should conclude that subsequent observations will be needed to 
give a more trustworthy value. The most frequent use of this criterion 
is in the test of residuals from a mean value. We have an instance in 
point, in our latitude results with the meridian circle. In August 1903 
there was an earthquake in California, presumed to have been due to a 
slip of a geological fault, as was the earthquake of 1906. Our latitudes 
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have been summed up in quarterly values, two or three months in 
each, for an interval of a quarter of a century. The two nearest values 
to the date of the earthquake, one preceding and one following, have 
each a residual that exceeds double the probable error of a quarterly 
value of ¢). and of opposite signs, but neither one exceeds three times 
the probable error. There would then be no reason for suspecting any 
change of position of the observing station on the surface of the 
earth, since the residuals are such as might be expected in a run of 
59, as tabulated in the original compilation of individual values of 
observed latitudes. There are two residuals in the list that exceed 
three times the probable error, and that number are allowed by the 
law of distribution of accidental errors. 

The difference between consecutive values of such a list should 
average 1.4 times the average size of the residuals, and their distribu- 
tion is subject to the same law of accidental errors. Any particular 
difference, especially one that falls between a high and a low value, 
may appear large when considered by itself, and in the present case 
might be suspected to indicate a change in the position of the observing 
station. But when the entire list of 59 latitudes is available, we are 
embarrassed with riches when selecting some special case for proof of 
a predicted abnormal effect. There will be 58 differences, and as long 
as there are none that exceed the limits of size and distribution as- 
signed by law, we can not legitimately reject any, nor need we assume 
any other explanation than the obvious result of errors of observation. 

More consistent values of our observed latitudes have since been 
computed, by correcting quarterly results for the systematic differ- 
ences of the declinations which had been adopted in the original com- 
pilation. It is interesting, for record, that there is no evidence, in our 
results, of sensible changes of position on the surface of the earth at 
the times of the earthquakes of 1895 and 1906. There was a long 
gap in our observations about 1911, and evidence is lacking for a 
good test at the time of that shock. The zenith telescope observations 
at Ukiah give no evidence confirming any changes of position for the 
shocks of 1903, 1906, and 1911. The Ukiah station is about 125 miles 
north of the Lick Observatory, and about 85 miles west. 

Tt must be recalled that the laws of probable errors, and the criterion 
of errors are based on the combination of a very large number of 
separate results, approaching an infinite number, in theory. But it is 
common computing experience that at least one hundred residuals will 
give as consistent distribution and limiting values as would be expected 
from a much larger number. Perhaps a minimum number in practical 
computing would be set as low as twenty-five. It is a practical ex- 
pedient, also, to take out the residuals from the mean of a still smaller 
number, to check up possible mistakes of computation. These would 
lie outside the domain of accidental errors, and, if they happen to be 
large, are likely to be run to earth with the use of this test. While 
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but one residual in one hundred and fifty should exceed four times the 
probable error, the single case may happen in a run of fifty or less. 
But we should be very suspicious of more than one such case. If 
there are none, there is no legitimate ground for rejection of individual 
results, and we can perhaps set our limit for rejection at five times the 
probable error. 

The fact that the pole of figure of the earth does not coincide at any 
time with the pole of the axis of rotation necessarily produces a revo- 
lution of the north pole about the pole of rotation, every twenty-four 
hours. This revolution is nearly a perfect circle, since the pole ad- 
vances on its trail about O°.8 each day. There would be no resulting 
variation of latitude from this rotation period, if the two poles pre 
serve their relative positions with respect to each other on the surface 
of the earth. 

But if there should be a sensible daily change in the position of the 
pole of the axis of rotation, on the surface of the earth, we would have 
diurnal variations in latitude and longitude. Practically nearly all our 
data for variations depend on observations made at night, and it is 
only from observations of a fundamental character, secured at all 
hours of the day and night, that diurnal effects can be detected. 

\t this time there is a considerable amount of interest in the varia 
tion of observed clock corrections near sunset and sunrise, and in the 
possibility of tracing them to diurnal variation of observed clock rates 
These two effects are intimately connected, and may be phases of the 
one phenomenon. We have also found in our fundamental observa 
tions with the meridian circle, a diurnal period in our latitude results. 
As observations close to the zenith are the main basis of this com 
puted periodic term, the atmospheric refraction, which differs in effect 
between daytime and night, should have no sensible influence on the 
differential results. 

Both terms, periodicity in observed clock corrections and rates, and 
periodicity in zenith distances of t 
final explanation in a very small correction to our adopted constant of 
nutation. 


} { 
I 


ie stars may possibly have their 


Discussion of the errors of observation in latitude will be given 
in a subsequent continuation of this note 

The precision of astronomical observations for latitude has often 
been much overestimated. This is due in large part to the neglect of 
allowances for systematic errors, of unknown sources and of uncertain 
amount in some cases, but which may be estimated fairly well in 
others. If we had only the accidental errors to contend with, high 
precision could be attained by simply increasing the number of ob 
servations. Generally our results are subject to certain systematic 
errors, which may be constant, or may vary under varying conditions. 
No increase in the number of observations will diminish the error due 
to some of these effects. 
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The zenith telescope has been the main source of modern latitude 
results, and the purely differential nature of the work ensures high 
precision in its differential results. Absolute results can not be any 
better than the declinations adopted for the stars will permit, except for 
the possibility of smoothing out the effect of some periodic errors in 
declinations, by long continued sets of observations of the same list 
of stars. 

Discussion of the errors of meridian circle results will help in the 
estimation of the errors of the zenith telescope, both by contrast and 
by similarity. The purpose of the standard meridian instrument is to 
derive declinations of the stars, and several of the errors which affect 
latitude results are entirely eliminated in declination results. The 
latitude is generally a by-product of the observations. 


The error of bisection of a star is one source of accidental error, 
common to both instruments. We are accustomed to consider it 
separately from the bisection error, which is a systematic tendency to 
bisect too high or too low, and is presumed to be constant for the 
same observer over long intervals. If we can eliminate the systematic 
effect, it is better than to apply corrections for the error, and it then 
does not matter whether it is truly a constant. The systematic bisection 
error differs for different observers, and in combining latitude results, 
where several men use the same instrument, it is necessary to correct 
for the error of each one separately, unless the error can be eliminated. 
The three fundamental observers at San Luis had errors of -+-0".32, 
—0”.06 and +-0”.16, respectively, of which the last was my own. From 
many sets of measures at the Lick Observatory, with the 
strument, my bisection error was found to be +-0”.05, with a range be- 
tween measures at various epochs of at least 0”.1. The mean value 
with this instrument differs by 0”.1 from that with the eight-inch in- 
strument at San Luis, and the bisection errors of the three observers 
there have a range of nearly 0”.4. Its effect may usually be eliminated 
in reducing declination observations, but it is easily seen how important 
it is to consider its effect upon latitude results. 

Along with the flexure error, the systematic bisection error should 
be eliminated from the mean of the results from two stars, one north 
and one south of the zenith, observed with the meridian circle. Errors 
of the adopted refractions may be closely balanced in their effect, also, 
in this combination. 

The accidental error of observation in the reading of the circle 
microscopes enters every result. It is closely +0”.15 for the mean of 
the four microscopes, in our work. This error has no counterpart in 
zenith telescope observations. Since the accidental error of an observa- 
tion of declination is closely +0”.2, there remains about 0”.15 for the 
error of bisection, including any deviations of the atmospheric refrac- 
tion that are not accounted for by our records of surface temperatures 
and pressure. Unsteadiness is one exhibition of these 


six-inch in- 


deviations, 
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which must necessarily be included in the accidental error. It does 
not appear possible to make errors of this size in the bisection of the 
sharp image of a seventh magnitude star in our telescope, nor in the 
bisections of ninth magnitude stars, which are approximately one 
second of arc in apparent diameter. But our latitude results are 
mainly from much brighter stars, whose images are swollen in appar- 
ent size. It is not generally necessary to make a bisection on the 
instant, but one usually has time to watch the star and select a position 
close to the centre of the field when the unsteadiness is least in 
evidence. 
(To be continued.) 


TWENTY-NINTH MEETING OF THE AMERICAN 
ASTRONOMICAL SOCIETY. 


The twenty-ninth meeting of the Society was held in Boston on 
December 27-29, 1922, in affiliation with the American Association for 
the Advancement of Science. The headquarters for members were at 
the Copley Square Hotel, the scientific sessions being in Cambridge at 
the Massachusetts Institute of Technology and at Harvard University. 
In spite of the New England blizzard which raged during the meeting, 
there was a full attendance, the only interference of the weather being 
with the group photograph, the members present declining to pose 
under the conditions which prevailed 

On the first day, after the morning session for papers, the Society 
voted to adjourn and visit the mathematical symposium on “Space and 
Time,” at which the speakers representing mathematics, physics, and 
astronomy respectively, were Messrs. G. D. Birkhoff, P. W. Bridg- 
man, and Harlow Shapley, all of Harvard University. 

On the same evening the members were the guests of Professor 
and Mrs. Harlow Shapley at the Harvard Observatory. It was in 
1918 that the Society made what turned out to be a farewell visit to 
the late Professor Edward C. Pickering, who had been president of 
the Society for nearly fifteen years. It was inspiring to be once more 
amidst the scenes of Professor Pickering’s labors, and to see with 
what energy the work is being carried forward by his successor. 

The second day the Society joined with other sections of the Asso- 
ciation as the guests of Harvard University. In the morning astrono- 
mers and physicists held a joint session in the Jefferson Physical 
Laboratory. The program was made up of communications selected 
from the regular list of papers from each society, and usually it was 
difficult to distinguish astronomical from the physical papers. A promi- 
nent member of the Physical Society hit upon a means of differentia- 
tion. He stated that whatever he seemed to understand was astronomy, 
and what he did not comprehend was probably physics. 
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The Association and affiliated societies were guests of the University 
for luncheon at Memorial Hall. 

In the afternoon the astronomers met in the Astronomical Labora- 
tory at Harvard, and after a session for papers the members were 
guests of Dr. and Mrs. Stetson for tea, and had the opportunity to 
examine the ingenious and elaborate arrangements for student work 
in astronomy. 


Thursday evening was left open, and the members were free to take 
in dinners of other societies or the general lecture of the Association. 


On Friday the Society met again at the Massachusetts Institute of 
Technology for morning and afternoon sessions. At the closing meet- 
ing, was read the address of the retiring vice-president of Section D, 
Professor S. A. Mitchell, whose subject “The Importance of Ioniza- 
tion” emphasized once more the bearing of modern physics upon 
current progress in astronomy. 


The new president of the Society, Director W. W. Campbell of the 
Lick Observatory, having just returned from the Australian eclipse 
expedition, was unable to be present at Boston, and the news was 
brought to the meetings that Dr. Campbell had been elected to the 
presidency of the University of California. The members hastened to 
send a message of congratulation to Dr. Campbell, but they could not 
refrain from saying that they experienced “mixed feelings” at the 
prospect of his contributions to astronomy being necessarily curtailed. 
It was a satisfaction to learn that he will not assume his new duties 
until the very important measures of the eclipse plates for the rela- 
tivity effect have been completed. 


New members of the Society were elected, bringing the total num- 
ber up to 398. 


George H. Hamilton, Mandeville, Jamaica, West Indies 

Heroy Jenkins, Dudley Observatory, Albany, N. Y. 

Isabella Lange, Dudley Observatory, Albany, N. Y. 

Leslie C. Peltier, R. R. 6, Delos, Ohio. 

\. E. Ruark, 6010 Henderson Ave., Govans, Baltimore, Md. 

Ralph A. Sawyer, Department of Physics, University of Michigan, 
Ann Arbor, Mich. 

Roy C. Spencer, Sproul Observatory, Swarthmore, Pa. 

Lois T. Slocum. Smith College Observatory, Northampton, Mass. 

James Stokley, Jr.. 4531 Osage Avenue, Philadelphia, Pa. 

C. H. Veeder, The Veeder Manufacturing Co., Hartford, Conn. 

Marion E. Vosburgh. Dudley Observatory, Albany, N. Y. 

Ida E. Woods, Harvard College Observatory. Cambridge, Mass 

Issei Yamamoto, Kyoto University. Kyoto, Japan. 
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The following members were in attendance at the Boston meeting: 


Allen, Leah B. 
Barton, S. G. 
Bauer, L. A. 

sell, L. 

Bigelow, Harriet W 
Booth, Mildred 
Boothroyd, S. L. 
Brasch, F. E. 
Brigham. L. A. 
Campbell, Leon 
‘annon, Annie J. 
‘arpenter, E. F. 
Care, ©. KE. 

Currier, C. H 

Derr, L. 

Douglass, A. FE. 
Dugan, R. S. 
Dunean, J. C 
Fichelberge r, W es 
Farnsworth, Alice H 


i iy 


Gushee, Vera M 
Hamilton, W. M 
Hart, J. N 


Harwood, Margaret 


Hawes, Al. Albert 


Jeffers, H. M. 
Jordan, M. | 
Kelley, C. ] 
Kent, N. A 


Kiess, C. C 
King. E.S 
Lambert. W. D 
Lange, Isabella 
Maury. Antonia ¢ 
Mees, C. E. K 
Menzel, D. H 
Milham. W. | 
Miller, D.C 
Millis. J. 
\loulton, F. R 


Roe, E. D 

Russell, H. N 
Safford, F. H. 
Sawyer, R. A. 

Schl singer, EF. 
Shapley, H 
Silberstein, L. 
Slocum, F 
Stearns. C. L 
Stebbins. J. 

Stetson, H ie 
Stewart, J Q. 
Stimson, Florence J. S. 
Tatloc k, J 
Pownley, S. D. 
Turner. A. B. 

Urie, F. D. 

Very, F. W 
Vosburgh, Marion F. 
Warner, W.R. 


Fox, P. Palmer, Margaretta Wilson, H.C. 
Furness, Caroline E. Pawling, J. Woods, Ida E 
Gerrish, W. P. Phillips, E. C Yamamoto, I. 
Glancy, A. Estelle Pitman, J. H Young, Anne S. 
Green, W. K. Poor, J. M Young, Jessica M 


The next meeting of the Society will be held on September 17, 18, 
and 19, 1923, at Pasadena and the Mount Wilson Observatory, im 
mediately following the California eclipse of September 10. 
winter meeting will be at Vassar College in December, 1923. 


The next 


ABSTRACTS OF PAPERS 


PRELIMINARY DETERMINATION OF THE SYSTEMATIC ERR‘ 
THE PROPER MOTIONS IN DECLINATION OF BOSS’ PRE 
LIMINARY GENERAL CATALOGUE FROM LARGI 
SCALE PHOTOGRAPHS 


PR OF 


By HAro.tp ] ALDEN 


In the Bulletin of the Astronomical Institutes of the Netherlands, 
No. 14, Kapteyn concluded that the proper motions in declination of 
the Preliminary General Catalogue of Boss require a systematic cor- 
rection of -+-0”.0130 cos 8. He proposes that the question of the sys- 
tematic errors of the catalogue proper motions be determined from 
photographs taken with long focus telescopes 

The Leander McCormick Observatory has undertaken to do this 
and has already placed on its program for reobservation all the Boss 
stars for which the interval since the early plates is sufficient to give 
good values of the proper motions 

A preliminary value of the correction to the proper motions in 
declination has been derived to determine if possible whether the 
correction deduced by Kapteyn is necessary. The relative proper 
motions of the twenty-eight Boss stars were derived from photographs. 
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These were reduced to absolute proper motions by assuming the posi- 
tion of the solar apex at 18" O™ and 30° N., and the mean secular 
parallax of the comparison stars to be 0”.0145. The stars were so 
chosen that the corrections for parallactic motion in declination were 
zero or small enough so that approximate values of these quantities 
would suffice. The probable error of a relative proper motion derived 
from two pairs of unit plates separated by an interval of eight years 
is +0”.003, so that even a few plates ought to show the presence of a 
systematic error of the size suggested by Kapteyn. 

The resulting correction, assuming it to be dependent on the cosine 
of the declination is 

Au 5 +-()0075 cos 6. 
The probable error of the numerical coefficient is +0".0025. Thus in- 
dependent weight is added to the necessity for a positive correction to 
the proper motions in declination of the P. G. C. 

The plates are inadequate for the determination of the corrections to 
the proper motion in right ascension of the P. G. C. but agree that this 
correction is positive between eighteen and twenty-four hours of 
right ascension. 


SIMILARITIES IN THE MAGNETIC FIELDS OF THE 
EARTH AND THE SUN. 
By Louis A. BAvEr. 

Besides certain similarities in the general magnetic fields of the 
sun and earth, already pointed out in published papers by Hale, Seares. 
and Bauer, the latter’s most recent investigations have indicated some 
other interesting similarities. 

From a new analysis of the earth’s magnetic field, namely for 1922, 
the author has confirmed, in line with his previous investigations, that 
the intensity of magnetization is greatest in the equatorial regions— 
on the average, about 17 per cent greater than for parallels 60° north 
and south. Similarly, as found by Hale and Seares, the intensity of 
magnetization of the sun’s field is greatest for the equatorial region. 
In the case of the earth, it is found that the intensity of magnetization 
varies from parallel to parallel according to a law precisely similar to 
that expressing the sun’s rotation, for various parallels, as given by 
Adams, for example. 


APPEARANCE OF HELIUM IN THE INTENSIVE CARBON ARC. 

3y Louis Bett AND Preston R. Bassett. 

Following up a published note on the apparent coincidence of lines 
in the negative tongue of a very intensive carbon arc, as observed 
visually with a spectroscope carrying a helium tube for comparison, 
we have obtained a number of spectrograms for further investigation. 


These were secured with a concave grating spectrograph having a 
grating of a meter radius. We have found with those the same 
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seemingly impeccable coincidences as before noted, together with half 
a dozen other coincidences that stand up well under magnification of 8 
diameters and represent a curiously consistent series of lines. The 
following are those thus far obtained by super-position of 
trum and helium spectrum: 


are spec- 


Of the single series of helium, the chief line of the principal series 
5016, and of the second subordinate series 5048; also the three chief 
lines of the first subordinate series 6678, 4922 and 4388. 

Of the doublet series, principal, 3889 and 3188 of the second order: 
of the sharp series 7066, 4713, 4121; and of the diffuse series 5876, 
4472, 4026: these last being rather faint 

We have not as vet found lines attributable to any of the combina- 
tional series or to the enhanced series 

The latter certainly one would expect to be inconspicuous in- 
asmuch as the ionization potential is in the neighborhood of 80 volts 
which is about the maximum obtainable from the are employed, 
whereas the lines here listed are due to appear at an ionization potential 
of about 25 volts. The lines here noted are more conspicuous than in 
the photographs, since they flicker notably in intensity, which weakens 
the photograph images and makes the films somewhat difficult to 
measure, particularly as there appears in the photographs a some- 
what complex background from which we are now engaged in disen- 
tangling the lines in which we are interested. It should be noted that 
the C and F lines of hydrogen are conspicuous. The lines here listed 
appear with all kinds of carbon which we have tried, most distinctly in 
a negative obtained from a soft graphite negative electrode, which 
however showed a good many impurity lines. It is the fact that of the 
conspicuous coincidences from any kind of carbon we have yet tried, 
together with the quite systematic distribution of the lines in series 
and character, that tends to confirm our previous supposition that 
these lines are due to a breaking down of a certain proportion of 
carbon atoms under the enormous temperature and immense ionizing 
power found in this arc, which takes 150 amperes at about 80 volts. 
We are proceeding to the study of other varieties of carbon under 
higher dispersion for a more complete investigation of the matter. 
We estimate the temperature at about 5000° C. The negative tongue 
in and around which the lines in question originate starts at about 
100 amperes and the concentration of energy in it is very great. 


THE ORBIT OF THE SPECTROSCOPIC BINARY BOSS 4870 
By S. L. BootHroy! 


Boss 4870 (R. A. 19" 03™.1, Decl +-41° 16’; Spectrum B2. 
Magnitude 6.15) is one of the first twelve spectroscopic binaries dis 
covered at the Dominion Astrophysical Observatory. The variable 


radial velocity became known as a result of the measures of seven 
spectrograms secured by Dr. R. K. Young during the summer of 1918 
as a part of the regular radial-velocity program of said observatory. 
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The binary character of the star was first announced in the Journal of 
the Royal Astronomical Society of Canada for November 1918. Fifty- 
two more spectrograms of the star were secured by the writer and 
the regular members of the staff of the Dominion Astrophysical Ob- 
servatory during the writer’s stay at Victoria in the summers of 1919, 
1920, and 1922, making fifty-nine plates in all. Fourteen of the plates 
were too weak to be of value in determining the orbit so the orbit is 
based upon forty-five plates distributed as follows: seven in the 
summer of 1918, twenty-five in the summer of 1919, four in the sum- 
mer of 1920 and nine in the summer of 1922. 

The observations extended over 1501 revolutions of the system, 
which results in giving a very accurate value of the period without 
including it in the least squares adjustment. 

The forty-five observations used in the solution were grouped into 
fifteen normal places, and preliminary elements were selected upon 
which to base a least-squares solution which gave the following ele- 
ments: 


P = 1.03088 days 

e 0.015 + 0.0086 

w 20°02 + 99°4 

y = —21.19 + 0.165 km/sec. 

K 12.12 + 0.078 km/sec. 

T = J. D.2421735.6468 + 0.2846 day 


asint 171770 km 
m,* sin® i 
(m+ m,)? 
The error of the period is estimated to be less than 0.00001 day. 

The probable error of a normal place of weight unity is +0.70 kim/sec. 
and the probable error of an average plate is 1.63 km/sec. Since the 
values of » and T are so uncertain, due to the small eccentricity, an- 

other solution will be made and new elements published later. 
I wish to express my deep appreciation of the kindness and con- 
sideration shown me by Dr. Plaskett and all the members of his staff 
during my stay at the Dominion Astrophysical Observatory during the 


summers of 1919, 1920, and 1922. 


= 0.0001904 





RECENT SPECTROSCOPIC RESULTS. 
By ANNIE J. CANNON. 

The season from March to August, 1922, which I spent at the south- 
ern Harvard station in Arequipa, Peru, was satisfactory as to observ- 
ing conditions after the middle of April. The average of the excellent 
observing nights was 20 per month, as compared with 19 during the 
same months in the years 1903 to 1908. The 10-inch Metcalf and 13-inch 
Boyden telescopes, equipped with objective prisms, were used for the 
photography of stellar spectra. Plates of greater sensitiveness and a 
new method of guiding the 13-inch telescope enabled us to obtain 
many faint spectra of good definition. A preliminary examination of 
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the photographs taken with the 10-inch reveals numerous new peculiar 

spectra. Among those having bright lines, there are three of Class 

Md, two new gaseous nebulae, one of Class O, besides the new star 

in Scorpius, which was reported at the September meeting of the 

Society. This nova of the tenth magnitude was apparently the faintest 

whose spectrum has been obtained during the increase in light, before 

bright lines were present. Peculiar spectra without bright lines in- 

clude several of the composite type, one with peculiar dark bands, and 

a pseudo-Cepheid, +14°3881, of the magnitude 8.1. A trial observa- 
tion was made of a portion of one of these plates, whose center is at 

7®, +5°, with the result that 140 stars were classified in a regiort” 
where there are but 14 in the Henry Draper Catalogue. This propor- 

tion will not hold, however, for the southern Milky Way, where the 

catalogue contains many fainter stars. 

The working-list of the 13-inch telescope was limited in general to 
stars having peculiar spectra, and fainter stars of spectral classes K 
to M, whose absolute magnitudes are to be determined. Among the 
stars with peculiar spectra, there were 21 of Class B in which bright 
hydrogen lines have been present or suspected at previous times. 
Emission lines were still absent from the spectrum of » Centauri and 
p Carinae, as found by Perrine in 1918. H£ was bright in the spec- 
trum of e Carinae on May 14, 1922, although Perrine reported that it 
had disappeared in 1918. A striking change in the opposite direction 
was found in the spectrum of H. R. 4830. Strong emission was 
present at H@ and Hy in May, 1922, while on earlier photographs, in 
1908 and 1909, only absorption lines were seen. 


THE 36-INCH REFLECTING TELESCOPE OF THE STEWARD 
OBSERVATORY, ARIZONA. 
By A. E. Dovuctass. 


The instrument was made by Warner and Swasey and set up in 1921. 
The clock shows a periodic error of 1” every 4 minutes. The instru- 
ment is of the fork type, with closed tube and efficient electrical con- 
trol. It has three focal planes with equivalent focal lengths of 15, 
50 and 100 feet. The glass was manufactured by the Spencer Lens 
Co. of a boro-silicate crown of small temperature coefficient. The 
optical work was done by J. B. McDowell, successor to John A. 
Brashear. It was delivered in July, 1922, and set in place and adjusted 
by the writer. The mirror is protected from temperature changes by 
a thick woolen covering over the entire tube. The coudé focus (with 
the beam passing down the hollow polar axis) shows no added at- 
mospheric difficulties but does require careful collimation. A Hart- 
mann test shows a maximum difference in focal length for different 
zones of the large mirror of 0.2 mm. The Cassegrain and coudé 
combinations show greater errors with probable effects of collimation 
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and temperature. The definition in exposures of one to three hours 
is very satisfactory. 


THE WHITE SPOT ON MARS, JULY 9 AND 10, 1922. 


By A. E. DovuGtLass. 


A large white area generally south of Margaretifer Sinus and ex- 
tending toward Aurorae Sinus was observed through an eight-inch 
telescope at the University of Arizona in the early evening of July 9, 
1922. The same area had extended to the north on the following night 
and was practically gone on July 11. This sort of phenomenon has 
been seen several times by the writer and once in almost the same 
region, but never before so large in extent. It seems to indicate at- 
mosphere and cloud. 


NOTES ON ECLIPSING VARIABLES 


By R. S. DuGaAn. 


Photometric observation of RS Vulpeculae and SZ Herculis have 
been continued at Princeton long enough to secure sufficient material 
for a discussion of their mean light-curves. New light elements were 
adopted, as follows: 


d 
RS Vulpeculae Min. J. D. 2420606 .6226 + 4.477666 FE 


SZ Herculis Min. J. D. 2418495 .406 + 0.8180972 E 

RS Vulpeculae: The depth of primary minimum is 0".965. The 
ellipticity and reflection constants are well determined. The secondary 
minimum has been thoroughly observed, and found to involve a loss 
of light amounting to 0".082. The secondary minimum is apparently 
displaced about 11% hours toward the following primary minimum. 
The only satisfactory interpretation of the light curve pictures a binary 
system in which a large faint star, whose radius is 0.2674 of the rela- 
tive radius of the orbit and which furnishes 0.1963 of the total light 
of the system, eclipses, at primary minimum, 0.6361 of the area of a 
small bright star, whose radius is 0.2045 of the relative radius of the 
orbit and which furnishes 0.8037 of the total light of the system. This 
interpretation is consistent with Plaskett’s statement that the lines of 
the fainter star are about one-fourth as conspicuous as those of the 
brighter star. Using Plaskett’s data we find that the radii are 4.27 © 
and 5.58 ©; the masses are 4.59 © and 1.44.0; the densities are 
0.061 © and 0.008 ©. They belong, according to Plaskett, to spectral 
types B8 and B9. 

SZ Herculis: varies from magnitude 10.0 at maximum to 11.8 at 
primary minimum and to 10.2 at secondary minimum. The eclipses 
are partial. One star is four times as bright as the other. The brighter 
star is slightly smaller than the darker star. The distance between 
the surfaces of the two stars is very closely equal to the radius of each 
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star. The probable density of the brighter star is 0.38 ©; of the 
darker, 0.16 ©. 

The practice of observing one primary and one secondary minimum 
of RT Persei each year for the purpose of collecting data concerning 
the character and the causes of the variation of the period has been 
continued. The primary minimum of 1922, October 21, was observed 
52 minutes earlier than the time predicted by the elements J. D. 
2417861.6261 + 0°.8494127 E. No displacement from the one half 
period point was observed in the secondary minimum of 1922, 
October 18. 


NEW POSITIONS OF THE FUNDAMENTAL STARS. 
By W. S. E1cHELBERGEI! 

These results are based upon four modern catalogues, the Cape 
Fundamental Catalogue 1900, from observations 1905-1911, the Second 
Cape Fundamental Catalogue 1900, from observations 1912-1916, the 
Washington 90-inch Transit Circle Catalogue, 1900, from observations 
1903-1911, and the Washington 6-inch Transit Circle Catalogue, 1910, 
from observations 1911-1918. 

Among the facts that led to the conclusion that the formation of a 
normal system of star positions from these four catalogues would 
have a high degree of accuracy both in a systematic and in an acci- 
dental sense are the following: In the two Cape and the Washington 
6-inch catalogues the traveling wire was used in the determination of 
the time of transit, in two of them hand-driven and in one motor 
driven. In the two Washington catalogues an elaborate personal 
equation machine was used for the determination of the observer's 

g 


the magnitude of the stars. In the Washington 6-inch catalogue a 
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personal equation and wire gauge screens were used for cutting down 
reversing prism was used on the ocular in all the observations. In the 
two Washington catalogues, the clock correction was determined from 
their own observations and in the two Cape catalogues special observa- 
tions were made to eliminate the error in right ascension varying with 
the right ascension. Each of the four made a series of sun, moon and 
planet observations to obtain the data for reducing the right ascensions 
to an absolute system, and for the determination of the correction to 
the declinations of equatorial stars. Each instrument was provided 
with a north and a south mark and clocks under constant temperature 
and pressure were used. [tach of the Washington catalogues deter- 
mined the correction to the preliminarily adopted refraction from its 
circum-polar observations and by intercomparing the declinations of 
the stars common to it and to one of the Cape catalogues. And no 
daylight observations of any star were included in that star’s final 
mean right ascension and declination 

In this discussion only the stars in the American [:phemeris were 
used, 58 per cent of which are in at least three of the catalogues, and 
32 per cent are in all four. 
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Each of the catalogues, as formed by its author, except the first 
Cape, has had a correction applied in right ascension to reduce to an 
absolute system, and the correction was determined in the case of the 
first Cape and has been applied before using that catalogue in this 
discussion. 

The additional corrections that must be applied to reduce to a com- 
mon equinox, the mean of the four, are 


Cape | +03007 
Cape II +0.008 
Washington, 6-inch +0.006 
Washington, 9-inch —0.020 


To obtain the definitive right ascension, the result from each cata- 
logue, corrected as above, was given a weight equal to a constant into 
the number of observations in that catalogue. This constant was in 
general unity, but was less than that value for observations near the 
horizons. 

From a discussion of the sun, Mercury and Venus observations at 
the Cape it was found that the declinations of the first Cape catalogue 
require a correction in the neighborhood of the equator of +0”.25 
and that those of the second Cape catalogue require a correction of 
+0”.47. From a discussion of the moon observations at Washington 
it was found that the declinations of the Washington 9-inch catalogue 
require a correction at the equator of —0”’.48. The declinations of 
each catalogue in the neighborhood of the equator were corrected ac- 
cordingly, and these corrections were assumed to vary from the equa- 
tor to the pole as cos 8. Definitive results for the Washington 6-inch 
catalogue are not at present available, so that a systematic correction 
was applied to reduce to the mean of the other catalogues. 

The corrections to the Pulkowa refraction tables adopted in the 
formation of the Washington catalogues was —0”.116 tan sz for the 
6-inch work and —0”.134 tan < for the 9-inch work. A comparison of 
these catalogues with the Cape catalogues indicated that a similar cor- 
rection to the Cape results is needed, and —O”.150 tan = was adopted 
as a result of the catalogue comparisons. 

The system of weights used in combining the declinations of the 
different catalogues was a slight modification of that described under 
right ascension, to take account of the probable error of the circle 
divisions. 

The details of this discussion and the method of utilizing the older 
observations to obtain the proper motions will appear as Part I, 
Volume X, Astronomical Papers of the American Ephemeris. 

The corrections to the star places of the American Ephemeris as 
given by these new positions are published in Table XIII, American 
Ephemeris and Nautical Almanac for 1925. 

These corrections have been used since January 1, 1923, in the de- 
termination of time at the U. S. Naval Observatory, in connection 
with the daily transmission of the time signals from Arlington and 
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Annapolis, and by the telegraph lines. 

The corrections for the stars in the other national almanacs not con- 
tained in the American Ephemeris are being formed on the same sys- 
tem as used in obtaining the corrections to the American Ephemeris 
positions and the publication in the Astronomical Papers of the Am- 
erican Ephemeris will contain positions of all the stars in the various 
national almanacs, 1500 in all. 


THE DEPTH OF THE SOLAR CHROMOSPHERE. 
By Puiip Fox. 

By means of a prism micrometer, an instrument by means of which 
points on opposite limbs of the sun may be brought simultaneously 
upon the slit of the spectroscope, measurements of the depth of the 
chromosphere have been made using the hydrogen line, Ha, and the 
helium line, D,. Observations consist in setting the prisms just at the 
point where the absorption lines from the two limbs change to emis- 
sion lines and there taking a micrometer reading, then separating the 
prisms until the emission lines from the two limbs simultaneously dis- 
appear. Another reading is taken here. The difference between these 
two micrometer readings will give the double depth of the chromo- 
sphere for the line under observation. 

The prism micrometer was used with spectrographs on the 40-inch 
telescope at the Yerkes Observatory, and with 
The results are quite harmonious and indicate 
10” for Ha, and between 7” and 8” for D 
continued. 


the Dearborn refractor. 
a depth between 9” and 
The observations will be 


THE ADJUSTMENT OF THE 60-INCH HARVARD REFLECTOR. 
By WILLARD P. GeErrIsH 


The peculiar construction and optical arrangement of the 60-inch 
reflector of the Harvard College Observatory led to the employment 
of original methods of adjustment which were especially suited to 
somewhat unusual conditions, and which may find more general ap- 
plications. 

The method used for the alignment of the polar axis is based upon 
the principle that if the axis is out of adjustment, and is rotated, a 
star situated exactly at the pole would trace a circular arc in the field 
of the telescope, the center of this arc being the point at which the 
star would appear if the axis were in adjustment 


If the axis is rotated 
westward at the sidereal rate, stars near the 


pole trace similar ares 
which may be regarded as circular for practical purposes, so that any 
star within a degree or two of the pole may be said to behave as if it 
were at the pole. In the northern hemisphere, the motion of the star 
in the field is always in a clockwise direction as seen through the eye- 
piece. lor many years, advantage has been taken of this principle in 
the adjustment of photographic telescopes; but, while the photographic 
trail shows the error of alignment, it affords no direct means of bring- 
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ing the axis into the correct position. The method adopted was es- 
pecially devised to remedy this defect. 

The first step was to provide means for defining the position of a 
star in the field by its rectangular coordinates. This was most con- 
veniently done by the use of a simple reticule made by photography. 
The main telescope, owing to the arrangement of its mounting, cannot 
be pointed at the pole; but it is apparent that the conditions which 
have been described apply equally to any telescope which is attached 
directly or indirectly to the polar axis. Accordingly, a 6-inch telescope 
was clamped temporarily to the main instrument, in such a position as 
to afford an unobstructed view of Polaris. The star was brought into 
the field of this telescope, and its coordinates were read and recorded. 
The main telescope was then turned sixty degrees westward in right 
ascension and allowed to stand for four hours, at the end of which 
time the coordinates of the star were again read. The two positions 
thus obtained were plotted on an enlarged scale. As the interval be- 
tween observations was four hours, these points must be the ends of 
an arc of sixty degrees, the chord of which is equal to the radius. The 
apex of an equilateral triangle constructed upon these points as a base 
must therefore be the point at which the star would have appeared, 
and at which it would have remained, if the axis had been in perfect 
alignment. This point was readily found on the plat with the aid of 
a pair of compasses, thus avoiding all computation. To make the 
adjustment, it was necessary only to transfer the determined point back 
to the reticule by means of its codrdinates, and to move the polar axis 
to bring the star to coincide with it. 

Another important adjustment was the alignment of the rotary tail- 
piece, in the observing room, with the polar axis of the main instru- 
ment, since any eccentricity at this point would result in a progressive 
displacement of the star image in the field. This could not be effected 
by mechanical means, since the bearings of the polar axis were not 
accessible. An optical method was accordingly developed which gave 
excellent results. A 2-inch telescope was attached to the main in- 
strument on the side nearest the observing room, as nearly as possible 
in the line of the polar axis. An artificial star, produced by a small 
electric lamp, was fixed at the focus of the telescope, and its image pro- 
jected upon a screen in the observing room. After marking the 
position of the image on the screen, the main telescope was rotated 
upon its polar axis through an angle of sixty degrees, causing the 
image to describe a corresponding are upon the screen. 


The center 
of this are must be in the line of the polar axis. 


It was found with a 
pair of compasses, employing again the very useful properties of an 
angle of sixty degrees. It is evident that by the use of an evepiece anda 
suitable reticule, or micrometer, this adjustment could be made with a 
high degree of precision, as in the case of the polar axis. 

From the principles employed in the methods which have been 
described, it will be seen that the maximum degree of accuracy should 
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be attained at once, so that, ordinarily, nothing is to be gained by a 
second adjustment except as a check upon the first. 


THE SPECTROSCOPIC ORBIT OF ¢ AQUILAE. 
By W. E. Harpt 


Seventeen single-prism spectrograms of this star form the basis of 
the determination of its orbit. Its right ascension is 19" 51™.5, declina- 
tion +11° 09’, visual magnitude 5.29 and type A2. 

In the region of spectrum used, from A4600 to A3930, more than fifty 
lines can be seen on our plates but on the average about a dozen of 
the best were measured on each plate. 

Those most commonly used, with their approximate intensities, are as 
follows: H8, 75; Hy, 50; K-line, 20; Mg 4481, 5; AA4549, 4233, 4215, 
4143, 4132, 4128, 4077 and 4005 are all about the same intensity, 
namely 2 on the scale used. 

Preliminary elements were adopted and a least-squares solution was 
carried through to obtain corrections to the six elements, including 
the period. Each observation was treated separately 


The resulting elements were as follows: 





P 3.3204 d 
0.055 
w 56°0 
¥ 27.63 km 
hk 
] J 
The probable error of a single plate is +1.6 km/sec 


lo be continued 


EDWARD EMERSON BARNARD. 


By PHILIP FOX. 


1923, is found this 


In my observing book under date of ¢ 


entry: Professor E. E. Barnard died at 13" 55™ G.M. T. today. 
Professor lrost has just telephoned to me and asked me to notify 
Professor Gale and others at the Universit f Chicago of the ar 


rangements for his funeral. And under date o 


f 7 February - Professors 
Gale, I. R. Moulton, Crew, and I took the 8:15 


train from the North 


western Station and went to Williams Bay Professor Stebbins from 
Madison joined us there Tog ther with the members of the staff of 
Yerkes Observatory and the people of the community we attended the 
funeral exercises held in the rotunda of the Observatory Thereafter 
his body was taken to Nashville, Tennessee, for interment. He ap- 


peared pitifully wasted in body and was pitifully wasted indeed. With 


less furious pace he might have continued for some vears his devoted 
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service to the skies. I recall how last summer he said to me, “Oh! 
I’m so terribly lonely.” Who among observers has not felt this cruel 
loneliness, but I know he was thinking of his loss in the death of Mrs. 
Barnard. Both Barnard and Burnham, whose names and lives we 
think of together, are gone. When will we see others like them? How 
many younger astronomers found the birth of their inspiration and 
zeal in their example? May we be worthy of these masters! 

Edward Emerson Barnard was born at Nashville, Tennessee, on the 
16th of December, 1857. His father had died before the son’s birth. 
As a child he witnessed the scenes of the Civil War which were enacted 
about his native city. The family was in destitute circumstances at 
the end of the war. He once told me that the scar visible on his right 
jaw was the result of a sore of that period which would not heal be- 
cause he was so undernourished. 

To provide for himself and mother he began work, a mere lad, as 
a photographer’s assistant in a studio in Nashville. The necessity of 
constant struggle for a livelihood left no time for school, and with 
the exception of a few weeks in the common school his only early 
education came from the tutelage of his earnest mother: However, 
the days of his photographic apprenticeship antedated the dry plate 
and provided not a little scientific and artistic training. 

This profession, with its study of lenses, its watching of the sun, was 
not an unfavorable introduction to astronomy. Yet we may ask what 
turned his interest in that direction. In recent biographies this ques- 
tion has been variously answered. For one the answer began,—‘“T had 
a friend.”, for another “At an auction sale he bought Burritt’s Geogra- 
phy of the Heavens.” For Professor Barnard it was the inspiration 
which came from reading Dr. Dick’s Practical Astronomer. The next 
step was the acquisition in that same year, 1876, of a spy-glass lens of 
one-inch aperture. This served only to whet his interest. In the next 
vear he purchased a telescope of five inches aperture. One can imagine 
what economies were necessary to accumulate the necessary funds 
and how firm the purpose behind the desire. In this year also he met 
Professor Simon Newcomb who was lecturing in Nashville. Professor 
Barnard not infrequently recalled this early meeting always speaking 
of the great timidity he felt on approaching Professor Newcomb. 
With a five-inch telescope and Professor Newcomb’s advice he set 
about to become acquainted with the sky. He began at this time the 
systematic observations of the planet Jupiter which he continued 
throughout his life, and which led to his most startling discovery. 

Some time after the acquisition of his telescope he began a system- 
atic search for comets, sweeping in azimuth over the sky, giving 
especial attention to the horizon at dusk and dawn near the points of 
sunset and sunrise. He was rewarded with the discovery of a comet 
on the 17th of September, 1881. It ought to be noted that he had 
found one on the 12th of May of that vear which he reobserved the 
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following evening. As this was not seen elsewhere he never included 
it in his list of discoveries. Reference to the Catalogue of Comets in 
Chamber’s Astronomy and his Story of the Comets will show the 
continued fruitfulness of the search. In all he found ten comets before 
leaving Nashville. The results in comet seeking are the reward of 
industry and systematic sweeping of the sky—witness Swift, Brooks, 
Perrine, Giacobini, Tempel, etc. The same number of hours spent in 
other observing, though they total thousands of views with the tele- 
scope, are usually barren of discoveries of comets. 

There were two important results of these early discoveries. They 
served to call attention to this gifted young man.—which led to an 
appointment to a fellowship in astronomy at Vanderbilt University in 
1883, and they brought also to his slim purse the award of $200 each 
for several of these discoveries. Mr. Warner, maker of a well-known 
proprietary medicine, Warner’s Safe Cure, so rewarded such discover- 
ies. It is also of interest to recall how this same gentleman aided Dr. 
Lewis Swift with the gift of a great telescope and otherwise. The year 
1883 also brought Mr. Barnard’s independent discovery of the Gegen- 
schein. 

At the University at Nashville Professor Barnard had his first op- 
portunity for systematic study, and he devoted himself assiduously to 
the study of mathematics, languages, literature, science, and to ob- 
serving. The early instruction by his mother,—who lived until 1884 
and for whom he constantly provided—had prepared him for an 
appreciation of these new opportunities. This appointment brought. 
however, no change in his observing program. He found at the Ob- 
servatory a six-inch telescope, but for such time as was devoted to 
comet-observing he still used his own five-inch telescope. 

In 1888 he received an appointment to the staff of the Lick Ob- 
servatory and westward with his devoted wife to whom he was 
married in 1881 he traveled. He arrived in California early in the 
year only to find matters in great confusion on Mt. Hamilton and no 
opening immediately available. He labored for several dark months 
in a lawyer’s office in San Francisco copying legal papers. Those who 
have had occasion to read Professor Barnard’s writing can well 
imagine that the days were as dark for the lawvers as for the amanu- 
ensis. But this service gives him one more bond of experience to 
Professor Burnham. With the assumption of his duties at the Lick 
Observatory in June of 1888 begin the labors which made Professor 
Barnard the foremost astronomical observer of our dav, a worthy 
successor to those astronomers whom Alfred Noyes has 
torch-bearers in his Watchers of the Sky. He observed everything 
that shone in the sky and even things that obscured. 
took two channels,—direct visual observing where 


cited as 


His observing 
extraordinary 
acuteness and keenness of vision and rapidity and accuracy of ob- 
servation were always apparent, and photographic observing. In the 
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latter field he was a pioneer in the use of the portrait lens. A full 
account of the Willard lens which he first used is found in Vol. XI 
of the Publications of the Lick Observatory. With this lens of 5.85 
inches aperture and 30.66 inches focal length he made the first photo- 
graphs to show the structure of the Milky Way. With this lens also 
he made numerous photographs of comets. [lis also is the credit for 
the first photographic discovery of a comet. This was found on a 
plate of the 12th of October, 1892. 

The most noteworthy discovery to Professor Barnard’s credit is that 
of the Fifth Satellite of Jupiter on the 9th of September, 1892. Dr. 
Common, in the address awarding the Gold Medal of the Royal Astro- 
nomical Society to Professor Barnard, attributes the discovery to the 
combination of “good sky, good telescope, and good observer.” 


Cer- 
tainly of these factors the last is not the least. 


In connection with 
this remarkable discovery it should be stated that, though Professor 
Barnard went to the Lick Observatory in 1888, he was not assigned a 
night with the 36-inch telescope until the Ist of September, 1892. It 
is then seen that the discovery followed in less than a fortnight. 

When in 1895 the staff of the Yerkes Observatory was organized, 
Professor Barnard transferred his activities to this new Observatory 
and continued there his indefatigable labors. For such things as he 
had used the 36-inch equatorial he now used the 40-inch and for the 
Willard lens he presently had the Bruce Photographic Telescope. The 
gift in 1897 of this instrument to the University of Chicago, by Miss 
Catherine W. Bruce of New York, was the direct result of the earlier 
work with the Willard lens. 

It is not possible here to review the vast number of contributions 
which record Professor Barnard’s research. 


The published articles 
number upwards of a thousand. 


His niece, Miss Mary Calvert, who 
in recent years has so ably assisted him, has made a catalogue of his 
papers which contains 843 entries, and this is probably not entirely 
complete. The contributions include observations of great variety. 
Dr. Common stated that he observed everything except the sun, but 
attention must be called to his eclipse expeditions and to his beautiful 
photographs of the Corona. Also I must note that he was a frequent 
visitor in the dome of the Yerkes Observatory to see the operations 
with the spectroheliograph and other apparatus used in solar research. 

Let me mention or restate just a few of his interests and discoveries. 
He discovered 16 comets and several known comets on returns, the 
Fifth Satellite of Jupiter, many nebulae, the nebula about Nova 
Aurigae in 1892, the duplicity of 8 Capricorni at the time of occulta- 
tion, and many other interesting double stars. He more than anyone 
else has been the pioneer in showing the structure of the Milky Way 
with its vast extended nebulae. He has catalogued many dark mark- 
ings of the Milky Way, has photographed not only nebulae and comets 


and the Corona, but the moon in various situations, earth-lit, sun- 
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illuminated, or in eclipse; meteor trails, planetary surfaces, clusters and 
nebulae. He has observed visually comets, following some of them 
month after month, the maximum period being that of the comet of 
1888, his own discovery, which he followed for two vears; planetary 
surfaces ; interesting observations of the surfaces of Jupiter's satellites . 
the disappearance of Saturn's rings; the positions and light variations 
of the Novae. He has measured many double stars, the diameters of 
planets, their satellites, and of some of the asteroids. There is still 
unpublished his tremendous series of measurements of the positions 
of the stars in many star clusters. This last mentioned work, together 
with the Milky Way Atlas compiled from photographs made with 
the Bruce telescope of the Yerkes | bservatory, constitute two ereat 
unpublished investigations. These the astronomical world hopes soon 
to see issued from the press as further monuments to his memory. 
His eminence as an investigator led to his election to membership in 
many of the learned societies of the world and to such awards as the 
Lalande Gold Medal of the Paris Academy of Sciences and the Gold 
Medal of the Royal Astronomical Society 

But his scientific attainments give in themselves but a one-sided 
picture of Professor Barnard, the man and friend whom we all loved. 
The scientific attainments show us a man willing to work through 
twelve or more hours of a winter night in a dome with the temperature 
sometimes lower than 20° below zero Fahrenheit: to sit patiently, even 
joyously, at the photographic telescope through an exposure of six or 
eight hours. During one such night on Mt. Wilson,—where he had 
taken for one season the Bruce Telescope to photograph certain 
southern regions of the Milky Way,—he sat with his feet through the 
floor of the observing platform on the ground where a rattlesnake had 
chosen to make his den. The rattler was killed in this retreat. I 
sometimes doubt if Mr. Barnard’s zeal for observing might not have 
been dampened had he known of the presence of this reptile, but he 
laughingly told me he thought it must have been a friendly snake and 
was there for the purpose of warming the observer's feet. This remark 
serves to show Mr. Barnard’s appreciation of humor. And certainly 
after a night of clear sky and good seeing he was often most merry, 
laughing and joking, or he might be heard singing in the dark room 
He was keenly appreciative of music but not greatly gifted as a singer. 
He was a great lover of poetry. From his dark room also would 
occasionally come the sound of his Voice reciting poetry and some 
times a song improvisation of such things as “The Burial of Sir John 
Moore.” This poem struck his fancy partly because of an astronomical 
error in it. 

Mr. Barnard’s only athletic exercise during the years at Yerkes 
Observatory was occasionally,—and always under protest.—playing a 
round of golf, and somewhat more often, joining a group for a swim 


~ 


in Lake Geneva. He was a powerful swimmer having developed his 
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stroke in the swiftly flowing Cumberland River. One day of the first 
summer that Professor Frank Jordan spent at Yerkes Observatory, 
Professor Barnard joined us for such a swimming party. Some of us 
had told Professor Jordan that Barnard was not over-skillful but a 
very venturesome swimmer, and that should he venture into deep 
water he would need careful watching. We have often joked over 
Jordan’s evident distress, and subsequent immediate perplexity and 
chagrin,—when Barnard dove without hesitation into deep water at 
the end of the pier and came up blowing water from his moustache 
before starting to swim with strong swift strokes. It is to Jordan’s 
credit that he was immediately in the water beside Professor Barnard. 
Anyone who has used the 40-inch telescope, and has pushed it about to 
its various pointings during a night in the pure out-door air of the 
dome, realizes that this in itself is excellent and adequate physical 
exercise. 

Professor Barnard’s last visit to Chicago was to attend the first 
meeting of a local Astronomical Neighborhood Club, a meeting which 
took place on his 65th birthday, the 16th of December, 1922. Shortly 
thereafter the illness from which he had been suffering for some years 
took an aggravated form and on the evening of the 6th of February 
he slipped quietly away among his stars. 

Professor Edward Emerson Barnard was universally respected for 
his attainments, which he accomplished by his own single-handed 
effort. To quote Professor Burnham: “Handicapped by the sorest 
distress and poverty from the first he has fought the battle of life 
alone and is in the supremest sense of the word a self-made man.” He 
was marked by great simplicity of character, great modesty, perfect 
unselfishness and self-abnegation ; a most kindly and genial spirit, most 
tender-hearted, making any distress of his friends his, own distress, of 
such character as to make him genuinely loved by all who knew him; 
his home was one of cordial hospitality. 

Dr. Ludwig Silberstein in a recent letter has voiced what I feel 
will be the universal sentiment toward Professor Barnard: “Your sad 
news of Barnard’s death, not known to me before, has painfully im- 
pressed me. Well do I remember the hours spent with him in happi- 
ness and peacefulness, and he will long live in the memory of all thos 
that approached him as a truly poetical personality and an indefatig- 
able lover of the celestial beauties. I have just expressed my sympa- 
thy in the loss sustained by the Yerkes Observatory and by Barnard’s 
colleagues in a letter to Frost, my own recollections of that place and 
of its spiritual atmosphere being among the dearest and most ex- 
quisite ones that ever took root in my restless brain and heart. The 
more do I sympathize with you who have lost in Barnard a dear 
friend. Yet, his personality will continue to live among us and in- 
fluence our thoughts and feelings.” 

Dearborn Observatory, 21 Feb. 1923. 
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PLANET NOTES FOR APRIL. 


The sun will move northeastward from Pisces into Aries during April. At 
the end of the month it will be approaching the region of the Pleiades. The 
earth will be receding from the sun and on April 2 it will be at its mean distance 


MOZIBOM HizoNn 






SOUTH HORIZON 


‘ 


THE CONSTELLATIONS AT 9:00 1 tr Aprit 1 


The phases of the moon will occur as follows 


Full Moon Lor 2 at ZAM. CS 
Last Quarter 7 10 P.M 
New Moon 15 2P.M 
First Quarter a ”6 6M 
The moon will be in perigee, that is at the point of its orbit nearest the earth. 
on April 1 and again on April 30. It will be apogee, farthest from the earth, 


on April 15. 


WEST HORIZON 
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Mercury, moving from west to east, will pass the sun on the opposite side 
from the earth on April 8. It will continue its motion eastward from the sun 
and by the end of the month will be near a point of eastern elongation. At 
this time it will be about eight degrees north of the sun and will set more than 
an hour later than the sun. It may therefore be seen near the horizon just after 
sunset at the end of the month. 

Venus will continue to be the brilliant morning star during April. It will 
be approaching the sun and hence will be nearer the horizon from morning to 
morning at sunrise. It will, however, still be very conspicuous during the month. 

Mars will continue to move eastward ahead of the sun. It will. however. 
be too near the sun for favorable observations. At the end of the month it will 
cross the meridian at 2:00 p.m. 

Jupiter during April will rise soon after sunset. a little earlier each day than 
the preceding day. It is. however, 15° south of the equator. 

Saturn will be in opposition to the sun on April 7. It will therefore rise 
at sunset and be well situated for evening observations. It will be in the 
constellation Virgo just north of the bright star Spica. 

Uranus will be quite near the sun throughout the month. At the end of the 
month it will rise a few hours earlier than the sun. It will therefore be visible 
only in the morning. 

Neptune will still be visible throughout the month in the evening. At the 
end of the month it will cross the meridian about 7:00 P.M. 





Occultations Visible at Washington. 
[From the American Ephemeris.] 


IMMERSION. EMERSION. 
Date Star’s Magni- Washing \ngle Washing Angle Dura- 
1923 Name tude ton M.T. from N ton M.T. from N © tion 
h m ° h m ° h ™m 
Apr. 5 192 B. Ophiuchi 6.3 10 56 82 a 32 300 0 56 
19 a Tauri 1.1 5 14 101 6 31 250 1 17 
21 292 B. Orionis 6.5 6 35 147 7 26 225 0 51 
28 914G. Virginis 6.5 9 08 122 10 23 292 'i& 





COMET AND ASTEROID NOTES. 





Ephemeris of Juno. —The following is part of an ephemeris of the 
asteroid Juno computed by Mr. G. Merton of Coton End, Orange Road. Cam- 
bridge, England. Observations in April and May are especially desired. 


Eournox 1923.0 GREENWICH MIDNIGHT 
1923 R.A Decl log A log r \lag. 
aaa ‘ 
Apr. 4 > 2.7 +12 9 
8 19.5 12 35 0.379 0.327 9.0 
12 27.4 12 59 
16 35.4 13 21 0.396 0.331 
20 43.5 13 41 
24 51.6 13 59 0.411 0.334 9:2 
28 5 59.8 14 15 
May 2 6 8.0 14 28 0.426 0.338 
6 6.2 14 40 
10 24.5 14 49 0.440 0.341 9.4 
14 32.8 14 57 
18 6 41.1 +15 2 0.453 0.346 
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Search Ephemeris for Taylor’s Comet, 1916 I.—In the Astro- 
nomical Journal, No. 817, Mr. H. M. Jeffers gives the foll 


j owing search ephemeris 
for Taylor’s periodic comet. The comet will be nearest the earth about the 
middle of April, but will be so faint as to be visible only in large telescopes. 
The magnitude is estimated at 17.5 on April 13, 1923. It is important that the 
comet be observed if possible, since it will in 1925 approach rather close to 
Jupiter and the orbit may then be much changed 


EPHEMERIS FOR GREENWICH MIDNIGH1 


R. A. 1920.0 Dec. 1920.0 log) log A 

1922 Mar 4 15 45.7 0 54 
12 46.7 0 16 0.4550 0.3581 

20 46.0 1() 26 
28 43.7 1 10 0.4687 0.3413 

Apr. 5 39.8 1 53 
13 34.7 2 33 0.4819 0.3327 

21 28.3 3 07 
29 “1.5 +3 35 0). 4945 ().3364 

May 7 14.2 +3 55 
15 07.2 4 00 0.5064 0.3532 

23 15 00.9 56 
31 14 55.0 +-3 42 0.5178 0.3821 


VARIABLE STARS. 


Maxima of Variable Stars of Short Period. 
[Calculated by members of the class in General Astronomy at Carleton College.] 


Given to the nearest hour in Greenwich mean time; to obtain Eastern Stan- 
dard time subtract 5"; Central Standard time 6°, etc. 


Star R.A. Decl Magni Approx Greenwich mean times of 
1900 1900 tude Period maxima in 1923 
April 

h m ss ' dh dh dh dh d ih 
SX Cassiop. 0 05.5 +54 20 86— 9.2 36 13.7 
SY Cassiop. 0 09.8 +57 52 93—9.9 4 1,7 S77 UM DBM ZW 
RR Ceti 1 270 +050 83—9.0 0 13.3 6 3 1321 21m BD & 
RW Cassiop 1 30.7 +57 15 8.9—11.0 14 19.2 5 gs 20 3 
V Arietis 2 09.6 +11 46 83— 9.0 0 238 39 1 8D 6&6 Fw S 
SU Cassiop. 2 43.0 +68 28 65— 7.0 1 228 319 1115 910 Z@ 5 
RW Camelop. 3 46.2 +58 21 8.2— 9.4 16 00.0 6 2 22 iz 
SX Persei 4 10.2 +41 27 10.4—11.2 4 07.0 63 ub ww 3 
SV Persei 428 +42 07 88— 9.6 11 03.1 712 1815 29 18 
RX Aurigze 4 54.5 +39 49 7.2— 8.1 11 15.0 212 43 Be 
SX Aurige 5 046 +42 02 80—87 1 128 sis li 7 Ba AS 
SY Aurigz 05.5 +42 41 84—95 10033 10 8 2012 3015 
Y Aurige 21.5 +42 21 86—9.6 3 20.6 7 bh 3s MA 
RZ Gemin. 5 56.6 +22 15 9.1—10.0 5 12.7 6iz Biewnmn2z BS 
RS Orionis 6 16.5 +14 44 82— 89 7 136 S$ 6D Bas BZ 
T Monoc. 198 +708 5.7— 68 27 00.3 = ; 
RT Aurige 23.0 +30 33 5.1— 6.0 3 17.5 i 4 @18% Bi 3 8 
W Gemin. 29.2 +15 24 67—7.5 7 22.0 7u Be Bw 2 Ss 
¢ Gemin. 6 58.2 +20 43 3.7— 43 10 03.7 8 1312 23 16 
RU Camelop. 7 10.9 +69 51 85— 9.8 22 06.5 11 13 
RR Gemin. 7 15.2 +31 04 10.0—11.5 0 09.5 315 1113 1912 27 10 
V Carine 8 26.7 —59 47 74—8.1 6 16.7 6 4 1221 1913 26 6 
T Velorum 8 34.4 —47 01 76—85 4 15.3 Z22Z2 nH A 2 st Ss 
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Star 


V Velorum 
Z Leonis 

RR Leonis 
SU Draconis 
S Muscae 
SW Draconis 
T Crucis 

R Crucis 

S Crucis 

W Virginis 
SS Hydre 
RV Urs. Maj. 
ST Virginis 
V Centauri 
RS Bootis 

R Triang. Austr. 
S Triang. Austr. 
S Norme 
RW Draconis 
RV Scorpii 
X Sagittarii 
Y Ophiuchi 
W Sagittarii 
Y Sagittarii 
U Sagittarii 
Y Scuti 

RZ Lyre 

RT Scuti 

« Pavonis 

U Aquilz 
XZ Cygni 
U Vulpec. 
SU Cygni 

nm Aquilz 

S Sagittze 

X Vulpec. 

X Cygni 

T Vulpec. 
WY Cygni 
RV Caprice. 
TX Cygni 
VY Cygni 
SW Aquarii 
VZ Cygni 

Y Lacertz 

3 Cephei 

Z Lacertz 
RR Lacertz 
V Lacertze 

X Lacerte 
SW Cassiop. 
RS Cassi yp. 
RY Cassiop. 
V Cephei 


R.A. 
1900 


Decl. 
1900 


rf 
Wo 
3 
° 


— 
rmoK owe 
Sunwin 


— et 


25.0 —23 08 
13 29.4 +54 31 
14 22.5 — 0 27 
25.4 —56 27 
29.3 +32 11 
15 10.8 —66 08 
15 52.2 —63 29 
16 10.6 —57 39 
33.7 +58 03 
16 51.8 —33 27 
17 41.3 —27 48 
47.3 — 6 07 
17 58.6 —29 35 
18 15.5 —18 54 
26.0 —19 12 
32.6 — 8 27 
18 39.9 +32 42 
18 44.1 —10 30 
18 46.6 —67 22 
19 24.0 — 7 15 
19 30.4 +56 10 
32.2 +20 07 
40.8 +29 01 
0 45 
+16 22 
+26 17 
35 14 
52 


P= 
N 
4. 


do 
So 
In hwo 
pPOWNMUWUW: 
nN 
N 


WIN NS oo 


hd 
> 
y 

\ 


23 51.7 +82 


— 


Magni- Approx. 

tude Period 

dh 

7.5— 82 4 08.9 
7.9— 9.6 59 00.0 
9.1—10.1 0 10.9 
89— 96 0 15.8 
6.4— 73 9 158 
8.8— 9.6 0 13.7 
6.8— 7.6 6 176 
68— 7.9 5 19.8 
6.5— 7.6 4 16.6 
8.7—10.4 17 06.5 
74— 8.1 8 048 
9.2— 99 0 112 
0.3—11.4 0 09.9 
64—78 5 119 
8.9—10.0 0 09.1 
6.7— 74 3 093 
6. 7.4 6078 
66— 76 9 18.1 
9.6—10.8 0 10.6 
6.7— 7.4 601.5 
44— 50 7 003 
6.1— 6.5 17 02.9 
43— 5.1 7 143 
5.4— 62 5 18.6 
6.5— 7.3 6 17.9 
8.7— 9.2 10 08.3 
9.9—11.2 0 123 
91— 9.7 0119 
3.8— 5.2 9 02.2 
6.2— 6.9 7 00.6 
8.6— 9.3 0 11.2 
6.5— 7.6 7 23.5 
6.2— 7.0 3 203 
3.7— 45 7 04.2 
5.6— 6.4 8 09.2 
9.5—10.5 6 07.7 
6. 7.0 16 09.3 
5.5— 6.1 4 10.5 
96—10.4 0 13.5 
9.2—10.1 0 10.7 
8.5— 9.7 14 17.4 
8.8— 9.5 7 20.6 
99—10.8 0 11.0 
8.2— 9.2 4 20.7 
91— 96 4078 
3.7— 46 5 088 
8.2— 9.0 10 21.1 
85— 9.2 6 10.1 
85— 9.5 4 23.6 
8.2— 8.6 5 10.7 
9.2— 97 5 106 
90—110 6 07.1 
9.3—11.8 12 03.4 
6.0— 7.0 0 23.9 


Greenwich mean times of 
maxima in 1923 
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Maxima of Variable Stars ot Short Period—Continued. 


April 
h dih 
10 26 4 
22 
19 16 
G@ 2 5 
8 27 0 
17 16 
8 21 2 
i 2 
1 19 
23 
15 20 
6 AF 
20 
4 20 3 
1 16 
0 18 


16 
17 
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26 
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Minima of Variable Stars of Short Period. 
[Calculated by members of the class in General Astronomy at Carleton College.] 


Given to the nearest hour in Greenwich mean time; to obtain Eastern Stan- 
dard time subtract 5"; Central Standard time 6°, etc 


Star R.A. Decl. Magni Approx Greenwich mean times of 
1900 1900 tude Period minima in 1923 
April 

h m ° e d h dh dh dh dh 
SY Androm. 0 08.0 +43 09 9.5—13.0 34 21.8 21 10 
RT Sculptor. 31.5 —26 13 96—10.5 0 123 213 10 6 1721 25 14 
U Cephei 0 53.4 +81 20 7.0— 9.0 2118 8 6 1517 23 4 30 16 
Z Persei 2 33.7 +41 46 94—12 301.4 67129 4S BB 
TW Cassiop. 37.6 +65 19 82—9.0 1 103 3 1 1114 20 4 2818 
RY Persei 39.0 +47 43 8.0—10.3 6 20.7 3 7 10 4 2321 3018 
RZ Cassiop. 39.9 +69 13 69— 81 1 047 B3 6 & BR De 
TX Cassiop. 44.4 +62 22 9.4—10.1 2 22.2 6fr B&B 2 BoD 
ST Persei 53.7 +38 47 8.5—10.5 2 15.6 621 1419 2218 3017 
RX Cassiop. 2 58.8 +67 11 8.6— 9.1 32 07.6 11 19 
Algol 3 01.7 +40 34 23—3.5 2 208 i? 4@32 BY as 
RT Persei 16.7 +46 12 9.5—11.5 0 20.4 5 9 12 4 1823 25 18 
A Tauri 55.1 +12 12 33— 42 3 22.9 423 1221 2018 28 16 
RW Tauri 3 57.8 +27 51 7.1—<1l1 2 18.5 47 1214 ®21 BD 5 
RV Persei 4 04.2 +33 59 9.5—12.0 2 234 521 1319 2116 29 14 
RW Persei 13.3 +42 04 8.8—11.0 13 04.8 5 20 19 0 
SZ Tauri 31.4 +18 20 7.2— 7.7 3 03.6 60 15] 6b 242i 
RS Cephei 4 48.6 +80 06 9.5—12.0 12 10.1 2 3 1413 27 0 
TT Aurige 5 02.8 +39 27 78— 87 0 160 3 4 921 23 4 2920 
RY Aurigze 11.5 +38 13 10.7—11.7 2 17.5 212 1016 1821 27 1 
RZ Aurige 42.9 +31 40 10.6—13.3 3 00.3 616 1216 2417 3018 
SV Tauri 45.8 +28 05 9.4—11.0 2 04.0 1 4 9 20 1812 27 4 
Z Orionis 50.2 +13 40 9.7—10.7 5 04.9 53 62 AaYvT BZ 
SV Gemin. 546 +24 28 98—<1l 4 00.2 719 1519 23 20 27 20 
RW Gemin. 5 55.4 +23 08 9.5—11.0 2 208 24356 88 2D 
U Columbe 6 11.2 —33 03 9.2—10.0 2 19.2 3m 80M 5 3B 2 
SX Gemin. 22.0 +20 37 10.8—11.5 1 08.8 418 1223 21 4 29 9 
RW Monoc. 29.3 + 8 54 90—108 1 21.7 3 8 1023 1814 26 § 
RX Gemin. 43.6 +33 21 88— 9.6 12 05.0 218 1423 27 14 
RU Monoc. 6 49.4— 7 28 98—10.5 0 21.5 5i7 222i @i was 
R Can. Maj. 7 149 —16 12 58— 6.4 1 03.3 4a4nhiwvwsena Awe 
RY Gemin. 21.7 +15 52 89—<10 9 07.2 iZwanHisAawtwaes 
Y Camelop. 27.6 +7617 95—12 3 07.3 214 9 5 2210 29 1 
TX Gemin. 30.3 +17 08 10.0—11.9 2 19.2 S7 VT ws sz 
RR Puppis 43.5 —41 08 9.4—10.7 6 103 516 12 3 1813 24 23 
V Puppis 7 55.4 —48 58 41— 48 1 109 § 8 121 w22 7 4 
X Carinae 8 29.1 —58 53 7.9— 87 0 13.0 4 9 1212 2015 2818 
S Cancri 8 38.2 +19 24 82—10 9 116 7 1 1612 2 0 
RX Hydre 9 008 —7 52 91—10.5 2 68 520 1217 1913 2 9 
S Velorum 29.4 —44 46 78—93 5 22.4 Z232#estineraiawz 
Y Leonis 9 31.1 +26 41 9.3—11.2 1 16.5 79 4322 Zs 
RR Velorum 10 17.8 —41 36 10.0—10.9 1 20.5 7 8 1418 22 4 29 14 
SS Carine 10 54.2 —61 23 12.2—128 3 07.2 421 1111 18 2 2416 
ST Urs. Maj. 11 22.4 +45 44 67—72 8 19.2 719 1614 25 9 
RW Urs. Maj. 35.4 +52 34 10.3—11.4 7 079 6 9 1316 21 1 2@ 8 
Z Draconis 11 39.8 +72 49 99—13.6 1 08.6 2 21 916 23 5 30 1 
RZ Centauri 12 55.6 —64 05 85—89 1 21.0 Si GBB wsasi Bs 
RS Can. Ven. 13 06.3 +36 28 7.5—12.5 4 19.1 25 nw aS BS 
SS Centauri 07.2 —63 37 88—10.4 2 11.5 618 12 4 2115 29 
133926 Hydre 13 39.0 —26 23 86—12.7 2 21.5 233 £828 BA SB 
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Minima of Variable Stars ot Short Period—Continued. 


Star 


6 Libre 

U Corone 
TW Draconis 
SS Librae 
SW Ophiuchi 
SX Ophiuchi 
R Are 

TT Herculis 
TU Herculis 
U Ophiuchi 
u Herculis 
TX Herculis 
RV Ophiuchi 
SZ Herculis 
TX Scorpii 
UX Herculis 
Z Herculis 
WX Sagittarii 
WY Sagittarii 
SX Draconis 
RS Sagittarii 
V Serpentis 
RZ Scuti 

RZ Draconis 
RX Herculis 
SX Sagittarii 
RR Draconis 
RS Scuti 

B Lyre 

U Scuti 

RX Draconis 
RV Lyre 

RS Vulpec. 
U Sagittz 

Z Vulpec. 
TT Lyre 

UZ Draconis 
SY Cygni 
WW Cygni 
SW Cygni 
VW Cygni 
RW Capric. 
UW Cygni 
V Vulpec. 

W Delphini 
RR Delphini 
Y Cygni 

WZ Cygni 
RR Vulpec. 
RY Aquarii 
RT Lacertze 
UZ Cygni 
RW Lacerte 
VW Pegasi 
Y Piscium 
TW Androm. 


17 


18 
19 


R.A. 
1900 


Decl. 
1900 


h m ° , 
14 55.6 — 8 07 
15 14.1 +32 01 
15 32.4 -164 14 
15 43.4 —15 14 
16 11.1 — 6 44 

12.6 — 6 25 

31.1 —56 48 
16 49.9 +17 00 
17 09.8 +30 50 
11.5 -+ 1 19 
13.6 +33 12 
15.4 1-42 
298 +7 
36.0 +33 
48.6 —34 
49.7 +16 
53.6 -+15 
53.6 —17 
549 —23 1 
03.0 +58 
11.0 —34 
13 ~-45 | 
ni .% 
21.8 +58 50 
26.0 +12 32 
39.7 —30 36 
40.8 +62 34 
43.7 —10 21 
46.4 +33 15 
48.9 —12 44 
01.1 +58 35 
12.5 +32 15 
13.4 422 16 
14.4 119 26 
17.5 +25 23 
243 +41 30 
26.1 +68 44 
19 42.7 132 28 


18 


20 00.6 +41 18 


03.8 +46 01 
11.4 +34 12 
12.2 —17 59 
19.6 -+-42 55 
32.3 +26 15 
33.1 +17 56 
38.9 +13 35 
48.1 +34 17 
48.3 -!-38 27 


20 50.5 +27 32 


14.8 —11 14 


21 57.4 +43 24 


55.2 +43 52 


22 40.6 +49 08 


51.7 +32 41 
29.3 +- 7 22 


23 58.2 +32 17 


Magni- 
tude 
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9.5—10.2 
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Approx. 


Period 
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10.0 
10.9 
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of Variable Star 


Observers, Dec. 20, 1922,—Jan. 20, 1923. 

Owing to the pressure of other dutie dent to a visit to some eastern 
universities, including Harvard and ( I 1, the Recording Secretary has 
found it impossible to complete the tables f the current monthly report, and 
very much to his regret he is compelled to postpone publication of this material 
until next month. when it will be combined w it report as is done in the 
summer months. The following remarks wever, should be of interest to the 
members. 

Dr. W. J. Luyten, who has beet Lick Observatory for the past year 
more, is to spend some time at the H ard Observatory. The Association is 
greatly indebted to Mr. Skaggs for the very novel and useful 1923 Julian Day 
Calendar, copies of which have recently be mailed to all member The paper 
read by Dr. Merrill and the Library Catalogue have also been distributed. 

Mr. Russell Sullivan of Indianapolis, Ind.. has been elected a Patron of the 
\ssociation. Misses Harriet McW. Parsons and Lois Slocum of Smith College 


and Messrs 


Price, 


W. 


Princeton, 


H. Diehl, Cleveland, Ohio, J 
I. Bs R. W 


membership. 


PP 
and 
elected to regular 


COMMUNICATI( 


Occultation of Venus, January 13, 1$ 
was observed here 3 by Astronomers Escalanté 
r. Escalante observed 


January 13. S with the 38 


Fox, New 
Pl 


York, N. Y., W. E 


iladelphia, Pa., have been 


Secretary 


INS. 


9233.—T 
1 d 


he 


Ortega, « 


occultation of Venus 


nm the morning of 


cn refractor the ti 


mes of con 
tacts and some photographs were obtained by Sr. Ortega. 
Venus was so bright that the aperture of the object glass was reduced to 
28 cm. Images and seeing were very good he contacts of cusps were ob 
served and also the inner and external contacts of Venus 
At immersion the northern cusp wa ed first, and at emersion the 
southern one appeared some seconds before the hern cusp Times of 
emersion are not very accurate The recorded t G. M. T. are 
January 12 
Immersion Emersion 
N. ( isp 23 0 51.5 S. Cusp 23 49 0.9 
S. Cusp 2 15.6 N. Cusp 50 20.0 
Inner Contact 2 31 Ext. ( 50 37.2 
The dark limb of Venus was not ‘ d, but the curious effec f the 
cusp, as if it were going to p iI the ol ted by St 
Escalante and myself. 
oul (GALI 
Tacubaya, D. F., February 15, 1923 
A Bright Meteor.—On Jan. 18, 1923 ght ig obje in the sky 
which evidently was a meteorite was seen by er of persons in Duluth. 
The writer was not so fortunate as to be numb but received 
reports by phone, by letter and verbally, an es as what the object 
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was. Most of the descriptions were rather crude and vague, but one writer. 
Mr. Olaf Erickson of Duluth, gave an extended and careful account, although 
lacking in definiteness as to position. 

The meteorite seems to have been first seen in a northwesterly direction, 
about 7:15 p. m. Central Standard Time, at an altitude of possibly thirty degrees 
and moving to the right in an approximately horizontal course, followed by a 
short reddish trail, and disappeared in the northeast. No sounds were reported. 
I am in hopes to see reports of this meteorite from other parts of the state or 
adjoining states, which would give a clue to its path and velocity. 


Duluth, Minnesota, Feb. 14, 1923. J. H. Dartinec. 


Occultation of Aldebaran, January 27, 1923.—The times of con- 
tact for the occultation of Aldebaran on Jan. 27 were observed here as follows: 


Obs’d. Sid. Time Corresp. E. S. T. 


h m s h m s 
Immersion 2 2h 262 5 47 10.1 
Emersion 3 45 30.1 ; M2 


The star was easily observed with naked eye or opera-glass up to its disappear- 
ance at the dark limb of the moon. It could not be 


appeared from the bright limb 


so observed when it re- 


Avice H. FArNswortH. 
John Payson Williston Observatory, 
Mount Holyoke College, 
February 2, 1923. 

At North Scituate the evening of January 27 was cold and clear. A few 
clouds hung low in the north and west, but no signs of any near enough to 
interfere with observations were visible. Darkness came on apace, and one 
by one the brighter stars appeared to view in the sky. At 5" 30™p. mt. observa- 
tions were commenced, using a watch which had been set to Eastern Standard 
Time by radio at noon of the same day. @ Tauri was already close to the dark 
limb of the moon, which was about 10.9 days old. Suddenly and with startling 
abruptness, the star snapped out of sight. Immersion occurred at 5" 47™ 58% p. mM. 

Shortly after this a slight haze began to come up, and the low clouds in the 
north and west began to rise slowly. The air also was rapidly becoming cold 
and damp. Observing for emersion was commenced at 7" 00" p.m. and was 
continued without intermission until, without warning, a tiny speck of light 
shining like an icicle appeared at the bright limb of the moon. Emersion 
occurred at 7" 12" 43° p.m. Clouds now quickly spread over the entire sky and 
in a half hour only the brightest stars were visible. Had the occultation occurred 
an hour later than it did observation would have been much impaired. 
as observed was most striking. 


The event 


Lewis J. Boss. 

North Scituate, R. I., January 28. 1923. 

Mr. L. A. Redman’s New Theory of the Gyroscope.—In his criti- 
cism (PoruLar Astronomy, Nov. 1922, p. 584) of my article “The Friction of 
the Gyroscope” (PoruLtar Astronomy, Aug.-Sept. 1922, p. 390), Mr. L. A. Red- 
man essays to correct what he conceives to be my mistakes by proposing a brand 
new theory of precession of his own invention. While originality is always 
commendable, and a new theory would be highly important were there any 
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need of one, it must be said that the object of the article was not to discuss 
gyroscopic theories, or even to explain or demonstrate the accepted ones. These 
were assumed, and assumed to be fairly well known. The object was to show 
how, in attempting to demonstrate the accepted theories, friction vitiated the 
results, and how these disturbing effects of friction could be eliminated. A 
particular aim was to show how the natural and 1 


il 


aive assumption of the be- 
ginner, that it is the direct pull of gravity that 


that 


causes the spinning top gradually 
to sink, can be overcome, and how it can be demonstrated to him that this 
sinking is an effect of friction, which without friction would not occur. The 
method described was one that I had found useful in teaching. 


Mr. Redman says that my conclusions are “repugnant t 


» common sense and 


refuted by experiment.” By what experiments, may I ask? Only two are de 


scribed by him, as follows: “Consider a rotating upright wheel turned so 


quickly to a horizontal position that its rotation during such time is practically 


nil;” This means that the wheel is to be turned over practically instantaneously. 
Anyone familiar with the gyroscope knows that such an operation is utterly 
impossible. Needless to say Mr. Redman has not performed this experiment. 
He has simply imagined it. His contentions } 


re I 


ierefore based on an imaginary 
and impossible experiment. 

Again he says: “If the force of gravity be increased by the use of a 
heavier weight and increases of Z friction be 


prevented by means of ball 
bearings the descent of the axle will be 


quicker.” But this is exactly contrary to 
fact. as shown by experiment 4, p. 395, of my article. In this case a long fibre 
suspension was used, which reduced the Z friction far 
substitution of ball-bearings for pivot bearings could have done. Even with 


a heavier weight it was found that the descent of the axle was slower, the 


more than the mere 


precession quicker. This is entirely in accord with the accepted theories. Has 


Mr. Redman read the article he criticises? Or does he presume that I have 
se he would do well to perform the experi 


ment himself before contradicting my statements. If he has any real experi 


falsely reported the facts? In any ca 


ments that contravert the accepted views, let him bring them forward. Until he 


does so, we must continue to believe that the theory ( f the gyroscope needs no 


mending, and in any case could not use his assumed experiments and fictitious 
facts 


\l. C. Mort-Smiru 
December 18. 1922 


GENERAL NOTES. 


Death of Professor Edward E. Barnard. — With 


feelings of the 
deepest sorrow and sense of great loss we have to 


record the death, on February 
6, at his home at Williams Bay, of Professor Edward Emerson Barnard, astron- 
omer of the Yerkes Observatory. He was emir 
the world and was loved by all who knew him 

Funeral services were held at Williams Bay. Wisconsi 
Wednesday afternoon, February 7, 1923, and the body 


ent among the astronomers of 


at 2:30 o’clock. 


was taken to Mr. Barnard’s 
old home at Nashville, Tennessee, for interment 
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Professor A. A. Michelson, of the University of Chicago, was awarded 
the gold medal of the Royal Astronomical Society for the “application of the 
interferometer to astronomical measurements,’ at the annual meeting of the 
society in Burlington House, London. Professor Michelson, being unable to 
attend personally, was represented by Post Wheeler, chancellor of the American 
embassy.—Science, Feb. 16, 1923. 


Frederick C. Leonard delivered a lecture before the Astronomical 
Society of Los Angeles, February 12, on “The Spectra of Visual Double Stars.” 
The Society, at the invitation of the University of California, Southern Branch, 
will hold its monthly meetings in the auditorium of Berkeley Hall, on the 
campus of the University. 


Prot. H. G. van de Sande Bakhuyzen, former professor of astrono- 
my and director of the Observatory of Leiden, Holland, died at Leiden on Janu- 
ary 8, 1923, in his 85th year. 


Professor Albert Stowell Flint, astronomer emeritus of the Wash- 
burn Observatory, University of Wisconsin, died on February 22. aged sixty- 
nine years. 


Invitation. The University of Arizona cordially invites all astronomers 
to visit the Steward Observatory and call on it for any assistance possible in 
connection with observation of the total solar eclipse on Sept. 10, 1923. The 
University of Arizona expedition will occupy a place near Hermosillo, Sonora, 
Mexico, about 250 miles south of Tucson, Arizona. 


The Proper-Motions of 315 Red Stars.—In the Astronomical 
Journal for Jan. 20, 1923, Dr. Raiph E. Wilson, of the Dudley Observatory at 
Albany, N. Y., gives the results of an investigation of the proper motions of a 
large number of red stars having spectra of types M, N. and R. His con- 
clusions are 1. Essentially all of the 315 stars are giants and extremely distant. 
2. The stars of Class N present in their motions peculiarities which may in 
part be real but which are shown to be due in part, at least, to their peculiar 
distribution on the sky. 3. The direction of the solar motion indicated by 
the stars of Classes M and R agrees closely with that derived from the proper 
motions of the stars of other types. 4. These stars follow in their motions 
the tendencies of the stars of other types in preferential motion toward Kapteyn’s 
vertex, the velocity ellipsoid being flattened toward the plane of the Milky Way. 


General Index to Popular Astronomy Delayed.—\Ve_ regret to 
say that the orders received, to date, in response to our advertisement in the 
March, 1922, number of PopuLAr Astronomy, have not been sufficient to warrant 
our proceeding to publish the General Index to Popular Astronomy, Volume 2. 
We have not obtained the promise which we hoped for of sufficient help to meet 
the deficit. It is necessary therefore to delay the publication of the Index 

The proposed Volume 2 of the Index will cover Volumes 17-30 of PopuLar 
AstTronoMy and such later volumes as will have been completed when we are 
able to publish the Index. 
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Variable Star Resembling a Nova. — A star for which the position 
for 1900 is 18" 20.6, —27° 10’, was announced as variable by Innes in Union 
Observatory Circular No. 37. He gives the magnitudes, on the Union Observa- 
tory scale, as 11.8 and 10.5 on July 19 and 21, 1916; on ten earlier plates the 
star was fainter than the sixteenth magnitude. 

In July, 1922, while in Arequipa, Miss Cannon independently discovered the 
variation by intercomparing old and new plates. An examination has now been 
made of 150 photographs taken with the 24-inch Bruce. the 10-inch Metcalf, the 
8-inch Bache, and the 1-inch Cooke telescope On the Bruce plates and the 
Bache plates having exposures of 60" or more, all of which were taken before 


1916, an object of about the sixteenth magnitude is seen in the approximate 
PI 





1 
I 


position of the variable, and shows no certain variation. On July 17, 1916, the 
magnitude was 12.1, and on October 19 of that vear, it had increased to 10.5. 
The maximum magnitude, 9.2, was reached on July 17, 1917, after which the 
brightness declined rapidly at first to magnitude 10.1 on July 27, 1917. In 
September, 1918, the magnitude was 11.5, and in September, 1920, it was 12.8. 
No spectrum plate has been obtained. The light curve appears to resemble 
that of Nova Aquilae 1919 (No. 4), discussed in Harvard Bulletin 753 


Harvard College Observatory Bulletin 782 
Cambridge, Massachusetts. February 1, 1923. 


Reported Nova in Lyra. A communication received through Mr. 
Torvald Kohl of the Carina Observatory, Odder. Denmark, from M. Zvibel of 
Falticeni, Roumania, states that he was in error in reporting a nova in Lyra, 


December 1, 1922. (H. B. 780) 


1 


Harvard College Observatory Bulletin 782 


Cambridge, Massachusetts, February 1, 1923. 


The Source of Luminosity in Galactic Nebulae.— Ever since these 
nebulae were known there has been much speculation as to the cause of their 
luminosity. At one time it seemed to be the prevailing notion that they were 
intensely hot, but various considerations led to the abandonment of the theory 
of thermal radiation. Then it was thought that “some electrical process” might 
explain it. Later a suggestion was made that, since helium is present in these 
nebulae and is also found as one of the products of radio-active transformations, 
the luminosity might be due to  radio-activity. However, none of these 
suggestions led to anything definite and the problem: continued to confront the 
astronomer. 

The first one to throw any real light on the problem was V. M. Slipher of 
the Lowell observatory. While investigating the nebulosity around the Pleiades 
he showed that this was different from most nebulae in that it did not give a 
bright-line spectrum like the Orion nebula but showed a faint absorption 
spectrum which, so far as could be determined, was an exact copy of the 
spectra of the bright stars of the Pleiades. He accordingly came to the con- 
clusion that this nebulosity was not self-luminous but merely reflected light 
from the stars enmeshed in it. Later a few other nebulae of this kind were 
Dp 
B 


found. y measuring the brightness of these nebulae at varying distances 


from the stars Hertzsprung found that the intensity varied inversely as the 
I 
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square of the distance from the stars and thus it seemed certain that the source 
of the light in these few cases must certainly lie in the stars associated with them. 

The question then arose whether the source of light for the nebulae giving 
bright-line spectra might not also be found in the stars located in their vicinity. 
To answer the question Hubble, of the Mt. Wilson Observatory, made a careful 
study of many nebulae and has just published his results in the Astrophysical 
Journal of December, 1922. The method employed was to determine the surface 
brightness of diffuse nebulosities by means of the limiting exposure times neces- 
sary to just register the nebulosity under standard conditions. The results of 
the 40-page paper may be summarized as follows: 

1. If the spectra of the associated stars in diffuse nebulae is earlier than 
Bl, the nebular spectrum shows bright lines, while if the spectra of the stars is 
later than Bl the nebular spectrum is continuous (probably an absorption 
spectrum ). 

2. Within the errors of observation the “diffuse nebulae derive their lumi- 
nosity from involved or neighboring stars, and they re-emit at each point exactly 
the amount of light radiation which they receive from the stars. Where stars 
of sufficient brightness are lacking in the neighborhood, or, if present, are not 
properly situated to illuminate the nebula as seen from the earth, the clouds of 
material present themselves as dark nebulosity.’ 

3. The means by which the nebulae give a spectrum of bright lines when 
exposed to the influence of the involved stars is not clear but analogies, such 
as the aurora and the bright lines and bands of the spectra of comets, are 
examples which indicate that the explanation of the latter may explain the 
former. It is also suggested “that the nebulium lines may possibly reveal them- 
selves as fluorescent spectra of hydrogen or helium or a mixture of the two.” 





Position Finding at Sea, based on the method of De Aquino, by 
Gilbert P. Chase. D. Van Norstrand Company, 8 Warren Street. New York. 

This is a small book, only 17 octavo pages, and the author says that its 
brevity is intentional. Practical examples are worked out in excellent form, 
without detailed explanations, but easily understood by one who has studied the 
elements of navigation. The book is the outgrowth of twenty-five years of 
study and practical experience, and should be of value to instructors in naviga- 
tion as well as to the practical mariner. 


New Theory of the Aether. — Dr. T. J. J. See’s recent papers, printed 
in the Astronomische Nachrichten 1920-1922, 
papers on the Earth and one on the Sun and Variable Stars. have been pub- 
lished in book form under the title: Electrodynamic Wave-Theory of Physical 
Forces, Volume II, New Theory of the Aether. The price of the book is $10. 


together with two mathematical 








